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LEAD STUDIES V 


A. THE DISTRIBUTION OF LE 


tAD IN THE ORGANISM AFTER 


ABSORPTION BY THE GASTRO-INTESTINAL TRACT* 


A. S. Minor, PH.D. 


From the Laboratories of Physiology of the Harvard Medical School 


lutroduction 

YP ‘AL lead polsoning Is ra chronic 

Intoxication which is characterized 
by marked lateney of development and 
frequent recurrences, These features 
sugeest a storage of lead im the body 
and make knowledge of the amount and 
localization of the lead retained in‘ the 
organism of fundamental importance in 
understanding the disease. ‘This has 
been recognized before; and since the 
introduction of quantitative chemical 
methods, many analvses of the tissues 
and excreta of poisoned men and am 
nals have been made. Most of the 
available data are very fragmentary 
and incidental, while in the few exten 
sive chemical studies unsatisfactors 
methods of analysis have produced con 
Hictine and often inaccurate results. It 
appeared Important, therefore, to re 
Investigate the whole field, using a un 


form method of known accuracy in or 


der to determine (1) the Importance of 
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lead storage in the development of 


chrome poisoning, and (2) the localiza 
tion of these stored deposits. A study 
of these problems is the purpose of the 


Investigations reported in this paper. 


Review of Literature 

Qe of the earliest chemical studies 
of lead distribution was made by Gus 
serow (1) in 1861. A ploneer in the 
use of electrolytic methods, this author 
deposited lead as a metal by electroly 
sis of a solution of ashed tissues. Con 
fiimatory qualitative tests were made 
by converting this deposit to read sul 
phide and 1\ redueime the sulphide 
again to metallie lead. It sutherent 
quantities were found, the lead was then 
converted to the sulphate and weighed. 
Although erude, according to modern 


eriteria,. this method served to elve an 


approximate knowledge of the relative 


eoneentrations oft lead in various {is 
sues. Rabbits poisoned by daily admin 


istration of 4 om. of lead sulphate by 
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mouth for twenty to twenty-five days 
were studied. Amounts of lead which 
could he 


welghed were found in the 
skeleton——6 to 8 mg. per 100° gm. of 


bone while large traces were reported 
In muscles and kidneys, and small traces 
or none at all in the central nervous sys- 
fem. Selective localization of the lead 
In the skeleton was quite apparent, and 
this led Gusserow to suggest the possi 
bility of the tormation of double salts 
of lead and calcium in the bones. He 
also hinted that a migration of lead in 
and out of the bony deposit was pos 
sible runic probably Wals conditioned by 
the organism as a whole. 
the 
this idea apparently has been ignored, 
the heht 
of the findines to be presented in this 


chanees in 


Krom Gusserow’s time. to present 


but ait is of ereat imterest im 
paper. 


Contemporary clinical investigations 
were evidently much influenced by Gus 
serow’s report that the muscles of pol 
soned animals contain a comparatively 


Without 


further experimental work several pa 


high coneentration of lead. 


pers (2) appeared explaiming such typ 


ical symptoms of lead poisoning as 


paralysis, colic, encephalopathy, and 
abortion as due to muscle lesions. 

In I871 Heubel (3) reported an ex- 
tensive experimental study of lead poi 
soning. Using the gravimetric sulphate 
method, he the 
of lead the 


soned relative 


studied eoneentrations 


present in tissues of 


The 


tions reported are probably eorreet, but 


pol 
dows, concentra 
the limitations of this method of analy 
discussed 
The 


Was 


heen 
(+4). eoneentra 
lead the 
kidney, liver, and central ner- 
The lead 


eontent! Ot muscle Was found to he Very 


SIS have 
Kairhall 


tion of 


recently bv 
hivhest 


found im bones, 


with the 


vous next in order. 


SVSTOT) 


low in contrast to the floures reported 


by Gusserow. Tleubel maintained that, 
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in general, the symptoms noted re- 


sulted from the selective action of lead 
on certain tissues. This depends on two 
factors, (a) the chemical affinity of the 


tissues for lead, and (i) the relative 


susceptibility to poisons. Thus the 
bones which have a high affinity for 
lead, but a low. susceptibility, store 


the poison without becoming damaged. 
lleubel that the 
well-known susceptibility of the central 


believed, moreover, 
nervous system to poisons and the sig- 
nificant amounts of lead which he found 
present in brain and cord indicate that 
nerve changes as well as muscle lesions 
are involved in the svndrome of chronic 
plumbism. 

lllenberger and Hofmeister (5), us 
ing the same method of analysis, re 
ported a similar localization of lead in 
the tissues of sheep poisoned by inges 
tion of lead. 

A study reported in 1889 by Prévost 
and Binet (6) 1s in many respects the 
Acute 
and chronic lead poisoning were pro- 


most complete in the literature. 


duced in large numbers of rats and 
cuinea-pigs and in a few larger an 
mals. The lead was separated as chro 
mate and determined gravimetrically. 
The small amounts of lead found in the 
tissues made the application of a gravi- 
metric method impractical in many 1n- 
‘ases only qual. 


reported. In 


acute poisoning following gastro-intes- 


stanees, and in most 


itative findings were 
tinal absorption the authors found the 
ereatest amounts of lead in the liver; 
the kidneys and bones were next in or 


More 


chronie poisoning, lasting from. three 


der of concentration. typical 
months to a year, caused a marked lo- 
ealization in the skeleton of a large part 
of the lead. These 


helieved that lead was deposited in the 


absorbed authors 
bones as a phosphate which, they pre- 
dieted, might remain stored for long pe 


J.1.H 
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riods. JUlad larger animals been used 
and a titrimetric method substituted for 
the determination of the chromate pre- 
cipitate, their work would have left 
little to be added to our knowledge of 
lead distribution. 

Although other phases of chronic lead 
poisoning received considerable atten- 
tion in the intervening period, the next 
important chemical studies were made 
by Meillere (7), who collected his re- 
sults In a monograph in 1903. The elee- 
trolytic separation of lead as peroxide 
followed by a gravimetric determina- 
tion Was employed in most of his exper- 
mental work. Certain sources of error 
in electrolytic determination of lead in 
biological material have been discussed 
recently in a publication from this lab 
oratory (8). In Meillere’s hands, how- 
CVCr, the method seems to have been 
earefully controlled and probably gave 
accurate results. He has contributed to 
the literature the most extensive study 
of human autopsy material in cases of 
These data, together 
with an experimental study of the pro- 


lead poisoning. 


gressive selective localization of lead in 
bones and keratinous tissue in more 
chronic types of plumbism, make this 
work of particular interest in connec- 
tion with the present study. 

More recently Kisskalt and Fried- 
mann (9) have made chemical studies 
of the tissues of rabbits poisoned with 
lead. The method of analysis was some- 
what cumbersome, and the many manip- 
ulations carried out with the small 
amounts of lead involved must have in- 
troduced considerable error. These au- 
thors found large amounts of lead in 
the brains of their experimental ani 
mals—a finding which several investi- 
gators have reported but which we have 
been unable to duplicate. 

The ‘‘lead stream’’ theory as the ex 


planation of the fundamental mechan. 


\ 
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ism of lead poisoning was developed by 
Straub (10) and Krlenmeyer (11). Both 
Investigators injected lead carbonate 
or sulphate subcutaneously into eats. 
These compounds were gradually ab- 
sorbed, and in the course of a few weeks 
the animals developed chronic poison. 
ing. After death the lead content of 
the exereta, of the unabsorbed remain 
der ot the deposit, and of the bodies 
of the animals was determined by the 
gravimetric sulphate method. Most of 
the absorbed lead was found im the ex 
creta. The tissues, aside trom those in 
the immediate region of the subeutane 
ous deposit, contamed only very small 
amounts of lead. No attempt was made 
to determine the quantity in individual 
organs. The inaccuracies of this ana 
Ivtical method for the determination of 
small amounts of lead, and the study 
of only one type of plumbisin furnished 
very inadequate experimental data. 
Nevertheless, the deductions made by 
Straub and Krlenmeyer from these data 
suggest an explanation for the aetion 
of lead in the organism. 

Their experimental animals had been 
severely and often fatally poisoned dur- 
ing the process of transportation of 
lead from the site of injection to the 
organs where it was subsequently ex- 
ereted, although at the time of death 
only very small amounts of lead were 
found stored in the organism. These 
authors believed that toxic effects are 
due, not to deposits of lead at the site 
of injury, but rather to the ‘‘lead 
stream,’’ that is, to the small concen 
tration of soluble lead which is trans 
ported in the circulating blood. They 


‘“stream’’ is al- 


pointed out that the 
wavs small—too small to produce any 
effect in a single dose—but that as ab 


sorption and transportation go on, in 


numerable subminimal attacks bring 


about pathological changes in certain 
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{ime 
‘lead 


are important factors in the 


both 
this 


that 
concentration of 


SCLISLTIVeE tissues: and 
the 


stream’ 


and 


production of toxic svinptoms. 

A recapitulation of the various con 
tributions mentioned in this brief sur 
vey of the literature gives two general 
(a) that 
eome localized and stored im the bones, 


IMpPVeSSIONS : lead tends to be 


and (/,) threat the eonutinued presence ot 
the blood 


storage ot lead 


traces otf soluble lead in 


stream, rather than a 
at the 


sponsible 


site of njury, Is probably re 
the 


mold this fragmentary evidence into a 


Por damage done. To 


real explanation of the action of lead 
When absorbed into the organism, how 
ever, requires further study of the en 
tire problem by means of accurate and 


uniform methods. 


Description of Method 


The titrimetric method deseribed hy 


airhall (4) ean be readily applied to 
the determination of lead im most tis 
sues. Some adaptation of the regular 


procedure proved necessary in the pres 


ent ivestigation for separation of mi 
nute amounts ot lead trom the large 
bulk of calcium salts present im bone: 


hence a deseription of the exact method 
of determination of lead in the skeleton 
The 


will be melded here, cleaned ske| 


etol or speermen of bone is heated to 
dull red heat in an eleetrie oven unti 
the oreanie matter is destroved and the 


bones can be powdered With mortar and 


pestle. Suthicrent concentrated hydro 
. 7 Eo @ Lt. 4 , 
Corde Cla > added to 6oThIsS TOrganle 
7 “7 } ) ?)° \t . + | 
resiallle ‘7 (or) { pIct SL! ‘ LTC) L Tit’ 


| 
ls \( ( ( @PiCe ] 1 ( \\ (°=) 
aol siea ¢ *)? ‘ 1 Pri «a 4 ‘) 7 enen. 
cium carbonate, approximately an equal 
} 
Wate Is dad (| nid 1] Pid A 
) - } { 4] i> Lrich ())" \\" 4G?) , ¢ } 
. > 1 1] 
On} eight hours. Practically all 1 
. ] 
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dissolved residue is re-ignited with the 
filter paper, dissolved in acid, and added 
to the main solution. Obviously neu- 
tralization as carried out in more dilute 
solutions is impractical because the in- 
cidental precipitation of calcium phos 
phate would render further manipula- 
tion diffieult. 


so co-operate to reduce the actual acid- 


Certain factors, however, 
itv that such neutralization is unneces- 


sary. (a) During the process of solu- 


tion the following reactions occur: 
lL. Ca,(PO,).+4HCl> CaH,(PO,),+2CaCl, 
2. CaH,(PO,),+2HC1> CaCl,+2H,PO, 


Thus, unless an unnecessary excess of 
hvdrochloric acid has been added, prac 
tically all the free acid present in the 
This 


isa Weak acid and has so little tendeney 


resulting solution is phosphoric. 


to replace the lead in lead sulphide that 
cl quantitative precipitation can be ear 


-_ 


ried out Ina od to 1d per cent. solution 
of phosphoric acid. ()) As sodium hy 
added to this 
of the skeleton in which a large propor 
still 


acid salt Is 


droxide is acid solution 
tion of the enlelum 1S 
C‘all,(PO,).. this 


ized as tollows: 


present as 


neutral 


CaH,(PO,).>Ca,HPO,>Ca, (PO, 


To produce this change im the large 
bulk of calcium salt present requires a 
considerable amount of sodium hydrox 


produced In the ae 


atter thr 


change 
the 


hydrochloric anid phosphoric acLds 


ide, but the 
tual ACI oft solution, 
fyprog 
other 


are neutralized, Is sliolit. lh) 


words, most of the apparent acidity Is 


die 


ae1d calenim 


to the butter etfeet of normal and 


phospriat ~ rather than to 
free aed. lence, complete neutraliza 
tion of the solution is not only imprac 
WNMNeCeSSATY. 


The solution of the skeleton is diluted 


volume of 


F 


;, ; ; 
with til appronximalelyr equal 
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water to reduce the acid concentration 
and is then saturated with hydrogen 
If the lead sulphide pre- 
cipitate does not appear at once, 25 per 


sulphide gas. 


cent. sodium hydroxide is added drop 
by drop while the solution is shaken 
vigorously. Before any appreciable 
amount of calcium phosphate is thrown 
out of solution, the lead sulphide pre- 
cipitates completely. This first preeip- 
itate of lead sulphide is, however, con- 


taminated with small amounts of lead 


yi 
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the lead was recovered by separate 
analyses of the exereta and bodies of 
the animals. Table 1 indicates that the 
method is sufficiently accurate and 
adaptable to give reliable data even 
with the widely different concentrations 
of lead present in the various tissues 
of the body. Of course, when the 
amount of lead in the body is deter- 
mined by means of from ten to fifteen 
separate analyses of individual tissues, 
the total error unavoidably increases. 


RECOVERIES FROM TISSUES AND EXCRETA OF LEAD FED TO RATS 


LEAD RECOVERED 


NUMBER LEAD FED IN TISSUES IN EXCRETA TOTAL ERROR 
mi. mq. mid. mid. rid). “A 

| 127.92 1.63 IP? 06 1?6.69 .. 2a 93 
2 9] PO 3.22 $7.18 9) 10 0 80 (). 87 
3 167 00 6 13 151.20 157.30 Q TO 5.80! 
1 1143 40 33 70 109 50 113 20 () ?O > 14 
5 118015 ».8¢ 111.70 110.57 0 58 50 
6 105.70 9 53 103.18 106 O] 0.3] 0 30 

Average Error 62 55 


Known loss during manipulation; not included in average 


and calcium phosphates. These are re 
moved by solution 11) hvdrochlorie acid 
and the lead is subsequently reprecip! 
tated as sulphide. From this point the 
analysis may be made as Fairhall de- 
seribes. 

Satisfactory recoveries of quantities 
of lead ranging from 0.1 to 100° me., 
both from pure solutions and when 
added to normal tissues, have been 
made repeatedly bv this method. ‘To 
save space only one series of recoverics 
Is reported here. In these tests an at 
tempt was made to involve all the dit 
ficulties encountered im actual analyses 
of biological material in order to ascer 
tain the accuracy of the method under 
the eonditions of the aetnal eXper! 
ments. Known amounts of lead acetate 


were fed to rats, and after several days 


1 
" 


This total error, however, rarely ex 
ceeds 5 per cent., and the distribution 
pictures obtained are true. 


Di scription of Harpe rinents 

Whatever may be the effect of lead 
entering by other routes, everyone 
agrees that lead compounds taken imto 
the gastro-intestinal tract are gradual 
ly absorbed and, if continually ingested, 
sooner or later cause plumbism. Carl 
son and Woelfel (12) have shown that 
even those compounds of lead which are 
eousidered MOST insoluble dissolve to 
some extent in the gastrie juice. Meil- 
lere believes that the entire gvastro- 
intestinal tract absorbs soluble lead, al- 
though in the alkaline medium of the 
small intestine and in the hydrogen sul- 


phide often present in) the colon cl large 
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pereentage of lead is precipitated. This 
portion, together with what escapes so- 
lution in the stomach, represents a large 
part of the total ingested lead and prob- 
ably never truly enters the organism, 
but is exereted direetly in the feces. 
nough is absorbed, however, even 
from very small continuous doses, to 
cause poisoning. The distribution in 
the body of this absorbed lead is the 
subject of the Investigation here re- 
ported, 

Acute lead poisoning following gas 
tro-intestinal absorption is rare except 
In cases of attempted suicide or after 
large doses of lead compounds taken to 
produce abortion. To differentiate rig 
lly between acute and chrome saturn 
ism is ditheult (11) (15), for if a pa 
tient survives the first large dose, ex 
eretion of the absorbed lead Ila \ otten 
be so slow that the acute mtoxieation 
develops Into cehronie polsonimne. llenee, 
no arbitrary division of cases will be 
made im this paper. 

After some preliminary experimenta- 
tion it was found that chronic polsoning 
could be produced in eats without the 
production of aeute eastrie sVinptoms 
by the administration on alternate days 
of lead acetate solution im doses of 90 
mye. of lead per kilo of body weight. 
The animals in this group of exper 
ments died or were killed after varying 
periods of administration of lead, and 
the lead distribution im the body was 
then studied. In every instance the en 
tire body was analyzed, the lead eon 
tent of the various tissues beime deter 
mined separately and caleulated as per 
eentave of total lead. These figures 
eive a more instructive picture of the 
reographical distribution of the total 
lead in the body than do the concentra 
tion figures presented by earlier inves 
tivators, The following procedures 


were adopted in routine analysis. The 
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contents of the gastro-intestinal tract 
were always removed, and these tissues 
were carefully washed before analysis. 
Whether the lead in the contents was 
unabsorbed or exereted, it certainly 
could not be considered part of the lead 
actually within the organism at the time 
of death. A portion of fresh muscle 
was analyzed to determine the concen. 
tration in lead; and the total amount 
present in muscle was found by analyz- 
ing all meat boiled from the bones. 
Such a figure, of course, represents not 
pure muscle alone, but also cartilage, 
fat, connective tissue, ete., which eould 
not be separated satisfactorily. The 
error introduced by this, however, is 
sheht, for the amount of lead present 
is In most cases a small and unimpor 
fant part of the total. In ealeulating 
the totals, lead found in the skin and 
hair has been consistently omitted, even 
though in many instances the amount 
had been determined. This was done 
because most, if not all, of the lead in 
the skin of experimental animals seemed 
due to contamination. Thorough wash- 
ing of the fur removed a large part of 
the lead, and since, after analyzing the 
skins of many animals, we obtained no 
consistent results to support Meillere’s 
(14) theory of a migration of lead to 
keratinous tissues in chronie cases, it 
was decided to regard the small and 
variable amounts of lead found as ex- 
ternal contamination rather than as ab- 
sorbed lead. 

Separate protocols best show the va- 
ried individual reactions to lead teed 


me, 


ProrocoL 1.—Rabbit A. Female. weight 5.6 


l-cp 
KO 


Feb, 27,1922. 1 em. lead acetate by mouth. 

VWarch 4, 1922. 1 gm. lead acetate by 
mouth. 

Anima! Very dull and siek. Loss of appe- 
tite complete, 
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Many stippled red cells in blood. 
March 9, 1922. Animal died. 


Duration of experiment, 9 days. 
Total lead received, 1.09 em. 


ProrocoL 2.—Cat C. Female, weight 3.0 kg. 


The blood vessels of the left kidney in this 
animal ligated several weeks previous to this 
experiment. The cat completely recovered 
from this operation and in good condition at 
beginning of administration of lead. 

Nov. 15, 1923. First administration of 
lead. 

Nov. 26, 1923. No marked symptoms of 
lead poisoning except lead line. Distemper. 

Nov. 27, 1923. Severe distemper. Animal 
killed. Weight 2.2 ke. 

Duration of experiment, 12 days. 

Total lead given, 1.35 gm. 


ProrocoL 3.—Cat D. Female, weight 4.3 kg. 


Vov. 3, 1922, First administration of lead. 

Vou. 6, 1922, Appetite poor. 

Nov. 15,1922. A few atypical stippled red 
cells in blood. 

Diarrhea and frequent vomiting 

Nov. 20, 1922. Mild symptoms of distem- 
per, 

Nov. 21, 1922. Animal killed. Weight 3.4 


ko, 


Duration of experiment, 18 days. 
Total lead given, 2.55 gm. 


ProrocoL 4.—Cat E. Female, weight 3.4 ke. 


Jan. 21, 1922. First administration of 


lead, 


Prompt loss of appetite, appearance of lead 


line, stomatitis, and muscular weakness. 


Feb. 20, 1922. Animal died. Very emacet- 


ated. welght LS ke. 


Duration of experiment, 50 days. 
Total lead given, 2.50 gm. 


ProrocoL 5.—Cat F. Female. weight 5.5 ke. 


Jan. 21. 1922. First administration of 


lead. 


Salivation. marked lead line. occasional 
vomiting. and extreme muscular weakness. 
\ very few atypical stippled red cells in 


blood. 


ko 


Duration of experiment, 45 days. 
Total lead given, 3.78 gm. 


March 5. 1922. Animal died. Weight 2.4 Jan. 11, 
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ProrocoL 6.—Cat G. Male, weight 4.6 ke. 


Oct. 4, 1921. First administration of lead. 

Oct. 24, 1921. Deereased appetite, marked 
thirst. 

Nov. 4, 1921. No appetite. Dulness. Lead 
line. 

Nov. 23-28, 192%. Given 4 gm. potassium 
iodide in four days. Cat very sick. Marked 
salivation due to potassium todide. 

Nov. 29, 1921. Animal died. Weight 2.8 


kor, 


Duration of experiment, 59) days. 
Total lead given, 3.74 gm. 


ProrocoL 7.—Cat H. Male. weight 4.0 ke. 


Feb, 10, 1922. First administration of 
lead wo me, per kilo of hody weight. 

Frequent vomiting. Animal’s mouth in 
bad condition, teeth discolored, gums bleed 
easily. Prompt development of a marked 
lead line. Marked continuing loss of appe- 
tite. Refusal of practically all food for ten 
days before death. 

April 18, 1922. Animal died. Weight 2.4 


ko, 


Duration of experiment, 67 days. 
Total lead given, 7.11 gm. 


Prorocon 8.—Cat |. Female, weight 3.7 ke. 


Oct. 4, 1921. First administration of lead. 

Nov. 1, 1921. Loss of appetite. Little food 
taken, 

Nov. 8, 1921. Very few atypical stippled 
red cells in blood. 

Now. 25,1921. Definite lead line. No typ- 
ical paralysis. Marked muscular weakness. 
Loss of appetite the most marked symptom 
throughout. Extreme emaciation. 

Jan. 7, 1922. Animal died. Weight 1.6 kg. 


Duration of experiment, 95 days. 
Total lead given, 4.72 gm. 


ProrocoL 9.—Cat J. Male, weight 5.5 ke. 


Oct. 4, 1921. First administration of lead. 
No abnormal symptoms during first month. 

Nov. 5, 1921. Appetite poor and rather 
variable. Animal somewhat dull and sickly, 
and very constipated. A marked lead line 
and a few somewhat atypical stippled red 
cells in blood. Definite poisoning. Death di- 
rectly due to lung infection rather than to 
plumbism., 
1922. Animal died. Weight 4.5 
ke. 

Duration of experiment, 99 days. 

Total lead given, 11.40 gm. 
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TABLE 2. COLLECTED DISTRIBUTION FIGURES FOR TEN ANIMALS POISONED BY 


GANTRO-INTESTINAL ROUTE 


TOTAL 
a LEAD 
7 
s 5 z 
— = a ad “2 
3 Fel z|¢i|48/81 ¢ 
= | WEIGHT ? Z : ° . Z > 
“ START] END | = - - . ~ - 
ky. kg. days gm.) mg.“ a) ww) 
Rab.A} 3.6) 3.4 9 | 1.09) 5.85)47.3 | 0.0 [29.7 
Ee <.! 3.0 i S.2 12 1.35/12. 8681.5 | 5.0 | 6.3 
Cat D) 4.3 5.4 18 | 2.58)24.85/40.9 112.4 (21.8 
Cat BE) 3.4) 1.8 30. 2 8037 08 BI. 1003 0.6 
Cat Fi 3.3 | 2.4 iS | 3. 7811.24169.9 | 6.4 6.6 
(lat (: 16 28 2) | 3.74/46. 48165.8 Bey 7.9 
Cat i} 4.0 | 2.4 67 | 7.11/23.90/39.0 120.5 |14.7 
Cat [| 3.7 | 1.6 95 | 4 72/23.00)47.2 | 4.5 (20.6 
Cat Ji 5.5.) 4.5 99 |11.40/86.33/77.2 |12.8 | 7.4 
Cat WKOOOo4 1 8 Iv | 6 28 88.99 855 2 i 2.0 


(sastro-intestinal tract as a whole 


Prorocor LO. -Cat Ik. Female. weieht 3.4 ke. 


Nor. O, 1922. First administration of lead. 

Appetite very variable from the beginning, 
vomiting frequent. ‘Peeth so carious that 
meat eaten with difficulty, 

Keb., 1922. Gradual development of par- 
aulvsis of the left forepaw, analogous to Wrist 
drop im man. 

Animal very weak. 

March &, 1922. 


nerves on both sides under ether anesthesia. 


Dissection of the brachial 


Stimulation with interrupted current from 
induction coil. Very weak response on left 
side, normal response on right side. 

Animal bled to death under anesthesia. 
Weight Ls ke 


Duration of experiment, 124 days. 
Total lead given, 6.28 em. 


aT Table 2 are assembled fievures 
show ine the pereentare distribution ot 
lead in these ten animals. Fieures J 
and 2 show the distribution im eats D 
anid J. 

A\ COMpaArison ot the heures 11) Table 2 
is of more value than a summary since 
the wide variation in the distribution 
of lead im individual animals empha 
sizes that chanees in localization of lead 


Occur al different staves ot poisoning, 


PERCENTAGE DISTRIBUTION OF ABSORBED LEAD IN TISSUES 


| 
| 
| 
| 
| 
| 
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—_— — ; 7 > 
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‘1 .z 19 0.0 

11.3) | 5.2 | 3.6 | 2.0/1.2 |1.7 | 0.0 | 0.0 | 0.0 
QO5 1 4 i. '.2 0.6 trace 0.0 

1413.9 | 2.6} 2.2 8 0.0 $.2 

».4 | 7.0 12?/)|0.4 1 7.0 14/;0.4); 0.5 | 0.6 
13.6 ».0 O.8 38.0. 0.8 1.8 | 0.6 

0.3 12.2 16.3 | 2.81: 93 i £.81 8.21 2.8 
03)0.2!10.2!10.6/0.3 | 0.3 | 0.1 0 6 
2.4 Lo | @.3 1.6 |0.4 10.2 | 0.2 


The amount of lead retained in the 
skeleton ranges from 39 to 85.5 per cent. 
of the total deposit in the body. In 
every Case this is the largest percentage 
held by any single tissue, and in some 
eases this selective localization is) so 
marked that the skeletal deposit repre. 
sents a majority of all the lead stored. 
In eveneral this loealization increases 
with time and becomes very marked in 
the more chronie cases; but striking 
exceptions, such as cats H and I, indi- 
cate that time is not the only factor in- 
volved. 

The total weight of lead stored in the 
body ranges trom 28 to §8.9 me. This 
is a surprisingly small figure to follow 
the ingestion of from 1.0 to 11.4 em. of 
lead in the form of lead acetate and in 
dicates that some extremely efficient 
mechanism prevents the absorption ot 
lead by the general circulation. The 
well-known fact that the liver efficiently 
removes foreign material from the 
blood stream, as well as the exper 


mental data im Table 2. sueeests that 
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the protective mechanism is to be found 
in this organ. In shorter experiments, 
the liver contains a relatively high per- 
eentage of the total lead absorbed. This 
is derived from the portal circulation. 
The fact that the quantity of lead stored 
in the liver does not increase progres- 
sively as absorption continues, and the 
fact already noted, that the total reten- 
tion of lead in the body remains small, 
are evidences ot extraordinarily — efh- 
cient excretion by the liver. Brady (15) 
furnishes further experimental proof of 
this in work which shows the bile to be 
an important path of excretion for lead. 
Here, then, we have a mechanism which 
protects the organism by a retention im 
the comparatively invulnerable region 
of the intestines, liver, and portal cir- 
culation of a large proportion of the 
lead absorbed through the e@astro-intes- 
tinal tract. A 
however, by escaping excretion in the 


small amount of lead, 


bile, enters the general circulation and 
becomes distributed throughout the or- 
ganism. Immediately the great avidity 
of bone tor lead earried in the blood 
stream is apparent. Among the soft 


tissues the higher concentrations of 
lead are found in kidney, heart, and 
musele. Apparently the bones tend to 
hold and store the lead removed from 
the blood stream. Henee a shifting of 


relative coneentrations gradually oc- 
curs, and in the absence of complicating 
factors a progressively higher percent- 
age of the total lead retained is held 
by the skeleton. This change is well 
illustrated by much 


more general distribution of lead ab- 


contrasting the 


sorbed in the tissues of Cat D (see ig. 
1), which lived for eighteen days, with 
the marked selective localization in Cat 
J after 162 days of administration of 
lead (see Fig. 2). 

The question at once arises whether, 
if absorption ceased, all the lead would 
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Fic. 1.—Diagrammatic representation of the dis- 
tribution and concentrations of lead in the tissues 
of Cat TD. Solid) black portions represent per- 
centages of total lead in body. | Cross-hatehed 
portions represent milligrams of lead per LOO) em. 
of fresh tissue. 
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Fic, 2.—Diagrammatic representation of the dis- 
tribution and concentrations of lead in the tissues 
of Cat J. Solid black portions represent per- 
centages of total lead in body. Cross-hatcehed por- 
tions represent milligrams of lead per 100 gm. of 
fresh tissue. 


hecome localized and stored in the bones 
as a temporarily harmless deposit. A 
series of experiments was, theretore, 
‘arried out to test this poimt. Lead 
was given by mouth to six cats, in the 
doses described in the preceding experi- 
ments, until the animals were severely 
Just before death seemed 


poisoned. 
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imminent administration of lead was 
discontinued. With no treatment what- 
ever, except eood care, the cats eradu- 
ally returned to normal condition; the 
weight lost was regained within a few 
weeks, and the animals seemed well in 
every way. ‘Two cats from this group 
were killed and the tissues were ana- 
lyzed; the rest were reserved for fur- 
ther experimental work which will be 
described in a later paper. Analytical 
data for these animals are presented in 
Table 3. Fieure 3 shows diagrammat- 


ically the distribution of the lead stored 
in the body. 

All the organs were analyzed as in 
earlier experiments, but lead was de- 
tected only in those tissues included in 
Table 5. Despite the interval of sev- 
eral weeks after ingestion of lead had 
ceased and despite the disappearance of 
all symptoms of plumbism, considerable 
amounts of lead were still retained in 
the body and were almost completely 
localized in the skeletal deposit. The 
innocuous effect of this stored lead as 


TABLE 3.) DISTRIBUTION OF LEAD IN TISSUES OF CATS KILLED SEVERAL MONTHS AFTER 
LAST DOSES OF LEAD BY MOUTH 





INTERV AIT POrTAL LEAD 
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bic. 5.-—-IDiagrammatie representation of the dis 
tribution and concentrations of lend in the tissnes 
of Cats L and M killed several months after the 
last dose of lead by mouth. Solid black portions 
represent percentages of total lead in body. Cross 


hatched portions represent milligrams of lead per 


100 em. of tresh tissue. 


PERCENTAGE DISTRIBUTION OF TOTAL LEAD 


GASTRO- 
SKELETON LIVER KIDNEY INTESTINAL 
TRACT 
Ae ’ / / 
98.5 1.5 0.0 0.0 
Q7.0 0.6 1.1 1.0 


contrasted with the marked toxicity of 
the same lead during the gradual pro- 
cess of absorption and transportation 
gives weight to the theory ot Straub 
(10) and Erlenmeyer (11) that damage 
is done to the organism not by stored 
lead but by small amounts ot lead car- 
ried in solution in the blood stream. 

The site of the deposition and storage 
of lead in the bones at once becomes of 
interest. Analytical data have been ob- 
tained from two sourees. Separate 
analysis of marrow and solid bone of 
the larger bones of leaded animals, 
where separation is possible, has in- 
variably shown a higher concentration 
in the solid portion. 

In order to test further whether the 
marrow played any essential role in the 
deposition and storage of lead in the 
bones, hens were severely poisoned by 
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lead acetate. After death the pneumatic 
marrowless bones of the wings of four 
hens in different stages of poisoning 
were dissected out and analyzed. A 
range of from 10.7 to 85.9 mg. of lead 
per 100 gm. of tissue was found in them. 
These two groups of experiments indi- 
eate that lead is held in the sold por- 
tion of the bones, probably in the form 
of lead phosphate, since this is the most 
insoluble salt which could be formed in 
the body. 

The suggestion made by Gusserow 
(1) regarding a possible migration of 
lead to from the bony deposit 
should be recalled at this point. He 
believed that such a transfer might be 
analogous to that which exists for eal- 


and 


cium and that it, likewise, is conditioned 
by changes in the organism as a whole. 
Should stored 
lead occur, the ‘‘lead stream’’ theory 
of Straub and Erlenmeyer would em- 
phasize the danger involved. In a later 
paper data on factors governing the 


such a mobilization of 


migration of lead to and from the skel- 
eton will be presented. Here, however, 
it is sufficient to point out that the stor- 
age of lead in the bones and the possi- 
bility of subsequent mobilization of re- 
dissolved lead are important clues to 
explanation of the latency and persist- 


eney of lead poisoning. 
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Conclusions 

1. Lead, even in solution, when ad- 
ministered by mouth, is absorbed into 
the general circulation only in small 
amounts. 

2. The liver serves as an effective 
protector for the rest of the organism 
from the portal circula- 
tion and excreting in the bile much of 
the lead from the 
intestinal tract. 

3}. A small amount of lead reaches 
the general circulation and is dis- 
tributed to the various tissues of the 
body. 


by removing 


abs rbed 


fastro- 


4. The bones show special affinity 
for the lead in the and 
retain it. The coneentration of lead in 


blood stream 


the other tissues does not increase as 
absorption continues. ‘These two facts 
cause the relative as well as the abso- 
lute amount of lead in the skeleton to 
increase. 

). If absorption ceases and the sub- 
ject returns to normal conditions, prac- 
tically all the lead in the body becomes 
where it 1s 


localized in the skeleton, 


held as a temporarily harmless de- 
posit. 

6. The harm done by lead apparent- 
ly occurs during the process of trans- 
portation rather than during storage in 


the body. 
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LEAD STUDIES V 
B. THE DISTRIBUTION OF LEAD IN THE ORGANISM AFTER 


ABSORPTION BY THE LUNGS 


AND SUBCUTANEOUS TISSUE’ 


A. S. Minor, Pu.D. 


From the Laboratories of Physiology of the Harvard Medical School 


Tue Disrripution oF LEAD IN THE ORr- 
GANISM FoLLOWING ABSORPTION 


FROM THE LUNGS 


Introduction 
SS I] Stockhusen (1) established the 


causal relationship between lead 
and the disease prevalent among lead 
smelters, practically every investigator 
of the industrial lead hazard has agreed 
that the 


those which involve exposure to dust or 


most dangerous trades are 
to fumes arising from the molten metal. 
There is not, however, the same agree- 
ment in regard to the reason for this 
danger. Tanquerel des Planches (2) 
even as early as 1859 demonstrated by 
one experiment with insufflation of min- 
ium through a tracheal cannula in a 
dog that lead could be absorbed through 
the lungs. Comparatively recently Legge 
and Goadby (3) (4), with less conelu- 
sive experimental data, argued that 
lead is absorbed more rapidly by the 
lungs than by any other tissue; they 
therefore considered the inhalation of 
\eillere (5), on 


the other hand, found very little lead in 


lead dust dangerous. 


the lunes after death, and argued that 
the respiratory tract is, therefore, an 
ulimportant portal of entry. He _ be- 
lieved that finely divided dust is swal- 
lowed and that the toxie effects are pro- 
duced by lead absorbed from the gastro- 
ltestinal tract. 

While workmen are exposed to lead 


Received for publication May 12, 1924. 
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dust in industry, absorption undoubt- 
edly goes on simultaneously in both 
evastro-intestinal and respiratory tracts. 
The fate of lead particles in the respir- 
atory tract can be properly studied only 
when other portals of entry are ex- 
cluded. Blumeart (6), in this labora- 
tory, has recently demonstrated the ab 
sorption of lead carbonate from the 
naso-pharyux of dogs so prepared that 
lead could enter neither the respiratory 


nor the evastro-intestinal tract. 


Di scription a} Kaperimeits 
In the present study of absorption of 
lead through the lunes the followime 
standard preparation of the annual was 
With the animal under ether 


anesthesia, the neck was opened, asep 


adopted. 


tically, with as little trauma as POSSI- 
ble, and the esophagus was securely i 
cated with four strone linen sutures 
below the level of the thyroid gland. 
The wound was then closed and evener- 
ally required no. further attention. 
While the animal was still anesthetized, 
a small glass tube was inserted, through 
the mouth, into the trachea nearly as 


far as the bifurcation. From 1 to 5 ce. 
of a rather heavy suspension of a lead 
compound in sterile physiological salt 
solution (p,, 6-4) were then introduced 
through this tube. Less postoperative 
lung infection has been found to follow 
the alternative method of injectine the 
lead suspension through a large needle 
inserted in the lumen of the exposed 


trachea, This 1S probably hecause hac 
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teria of the mouth are avoided. No 
leakage occurs, since the elasticity of 
the tissue completely closes the hole 
made by the needle. When the lead sus- 
pension was in the trachea, the ecat’s 
head was held high by elevating the 
catboard for a tew minutes to facil- 
itate insufflation of the particles by 
eravity. 

To administer a quantitative dose by 
lung is practically impossible. Careful 
measurement of the amount of lead sus- 
pension introduced is useless because 
the animals invariably cough up an in- 
definite quantity; and this diffieulty is 
even more unavotdable when lead dust 
is Inhaled from the atmosphere. 

ln this series of experiments no at- 
tempt was made to determine the dose 
quantitatively; but gross, MICLrOsScople, 
and chemical examinations of the lunes 
In every case showed diffusely seattered 
particles of the lead compound present 
In the bronchioles and alveolt. Since 
the esophagus was closed—a_ fact al- 
Ways confirmed at autopsy—there was 
He possibility ot absorption ot lead 
from the g@astro-imtestinal traet. The 
duration of experiments was thus lm- 
ited to the time that animals can be kept 
without food. Fluid, however, was in- 
troduced daily by intraperitoneal imyee- 
tions of 1590 to 250 ce. of sterile Ringer 
or OF per cent. sodium chloride solu- 
tion. The animals were well cared for 
in artificially warmed eages and showed 
no discomfort except that of fasting and 
the drooling caused by inability to swal- 
low. Seven days was the maximum 
period of survival after operation. 

Table 1 shows figures for the distribu- 
tion of lead im the tissues of eats after 
Insufflation of various solid lead com. 
pounds. Iifteen animals received lead 
as carbonate, two as chromate, three as 
sulphide, and five as oxide. Hach group 
is arranged in order of duration of the 








experiments. This ranges from twelve 
to 162 hours. 

All tissues were analyzed as in the 
feeding experiments (7), but determin- 
able amounts of lead were detected only 
in the lungs, skeleton, liver, gastro- 
Intestinal tract, and kidneys. Positive 
microchemical tests for lead by the 
method described by Fairhall (8) could, 
however, be obtained in most tissues. 
As the lead in the lungs was obviously 
an unabsorbed portion otf the dose in- 
sufflated, it was not included in the dis- 
tribution picture. The total quantities 





of lead found in the tissues exclusive 
of the lung vary from 2.6 to 72.4 me. 
Iixcept in extreme cases, there is no 
consistent ratio between the amount of 
lead absorbed and the duration of sur- 
vival atter imsufflation. This indicates 
that factors such as the dispersion of 
particles in the lungs, the extent of local 
Irritation produced, and the solubility 
of the compound inhaled, as well as 
massiveness of dose and duration of ab- 
sorption, influence the rate at which 
lead enters the organism. In every in- 


stance, however, the amount of lead ab- 
sorbed atter a single insufflation of a 
suspended lead compound is in striking 
contrast to the much smaller quantities 
which would be absorbed in similar 
periods following the ingestion of larg- 
er doses of dissolved lead. Thus the 
quantity of lead present in the tissues 
twenty-four to forty-eight hours after 
administration by lung of 150 to 200 
me. of solid lead carbonate is as great 
as after the administration of several 
erams of lead in solution during weeks 
of continuous lead feeding. This faet 
emphasizes again the marked efficiency ; 


of the liver in preventing lead from en- 
tering the organism. When absorbed 
by the lung, lead at once enters the gen- 


eral circulation. Sinee only that small 
portion of blood carried in the hepatic 
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artery goes directly to the liver, efficient 
short cireuiting of the lead in the portal 
and biliary circulations and liver is im- 
possible. Instead all the absorbed lead 
is distributed by systemic blood. 

This difference is demonstrated by 
figures showing the distribution of lead 
in the tissues. As has been noted in 
earlier experiments, there appears to be 
a marked tendency for the bones to re- 
move and retain lead carried in the 
systemic blood. In the entire group of 
animals studied this skeletal deposit 
represents from 62.8 to 100 per cent. 
of the total measured quantity of lead 
exclusive of that remaining in the lunes. 
The most complete selective localization 
(generally between 90 and 100 per cent. 
of the total lead) in the skeleton is found 
as a rule in animals where the experi- 
ment lasted from twenty-four to seven- 
tv-two hours (see Fig. 1). This deposi- 
tion of lead from the e¢ireulatine’ blood 
is the same as that which oceurs on a 
much smaller scale when lead escapes 
exeretion through the liver after oral 
administration. The facet that only 
small amounts of lead reach the liver 
in these cases makes the distribution 
here resemble that observed when the 
liver has ceased to retain lead and se- 
lective localization in the skeleton has 
hecome marked in very advanced chron- 
ic lead poisoning after gastro-intestinal 
absorption. 

The more general distribution of lead 
In animals whieh survive longer than 
about four days after operation 1s 
found so consistently as to be sienifi- 
cant. Figure 2 shows diagrammatically 
the distribution in three animals living 
ninety hours or more atter operation, 
The skeleton still retained a large per- 
centage of the absorbed lead: but 12 to 
00 per cent. of the total, in contrast to 
the small traces found in shorter exper! 
ments, appeared in the liver and the 


i 

































100 + 96 5% FBS? 
. 
936" 
90 7 
645 
S AC 4} 41 
nm 7 A B be c 
= 4 
ive) 
S 60> 4h 4h 
= 4 ] 
& ] 
50 ’ 4+ ) 4 
‘= | 4 
oa 4 ‘ 
1 ‘ 
{ 
7 40r a , a j 
be 
‘ ‘ 
Se | | | 
oar 4 a ] 
~ ‘ 4 
S j 
% i216 4 4 
5 20 “| 4 ] it | 4 
os } 
4 4 
4 4 4 
~ / } 4} | 2 } 4 
43% i 
1) 21%22 5214 iT% 4 
idl coe On en eeeel reoee! 
Skeleton! Liver Ms A Steleton’ Liver Sheleton Liver 
[Tract | 
ric. 1.——Diagramimatic representation of the dis 


tribution and concentrations of lead in Cats 2. 9, 
and SS. Solid black portions represent percentages 
of total lead in body exclusive of lungs. Cross 
hatched portions represent milligrams of lead per 
100 gm. of fresh tissue. No lead was detected in 
tissues not represented in the figure. 

AL. Cat 2. nineteen hours after insufflation of 5 
ee. of lead carbonate suspension. “Potal lead = in 
body exelusive of lungs, 26.62 meg. 

BB. Cat 5. forty-two hours after insufflation of 
4 ae. of lead carbonate suspension. Total lead in 
body exclusive of lungs, 72.40 me. 

C. Cat S. seventy-two hours after insufflation of 
o «ec. of lead carbonate suspension. Total lead in 
body exclusive of lungs, TIST me. 
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hig, 2.—Dingrannmatic representation of the dis 
tribution and concentrations of lead in the tissues 
of Cats 11. 15. and 15 ninety hours or more after 
insufflation of lead carbonate. Solid) black por- 
tions represent percentages of total lead in body 
exclusive of lungs. Cross-hatched portions repre- 
sent milligrams of lead per 100 gm. of fresh tis 
S1H1e. No lead was detected in organs not repre 
sented in the figure. 

A. Cat 11. ninety hours after tnsufflation of o 
ee, of lead carbonate suspension. Total lead = in 
body exclusive of lungs, 50.08 me. 

B. Cat 15, 162 hours after insufflation of 5 c.e. 
of lead carbonate suspension. Total lead in body 
exclusive of Inngs, 2625 me. 


(. Cat 13. ninety-six hours after insufflation of 


2 eo. of lead carbonate suspension. Total lead in 
body exclusive of lungs, 12.71 meg. 
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evastro-Imtestinal tract. Apparently some 
change in the organism as a whole hin- 
dered the deposition of lead in the skel- 
eton so that more was free to reach the 
other tissues. That this was due simply 
to saturation of the skeleton with lead 
seems unlikely because of the extreme- 
Iv small amounts of lead present com- 
pared with the large mass of bony tis- 
sue. 

A prediction as to the final explana- 
tion of this change im distribution 
would be premature at this point. But 
it is not out of place here to reeall that 


the animals were fastine and reeeivine 


only (uid in the form of 0.9 per cent. 
sodium: chloride solution. A depletion 
Of the alkali reserve was shown by ear- 
hon dioxide determinations on the blood 
plasma. A distortion of the Inorganic 
salt equilibria of the hody fluids also 
probably existed, Lonpublished work 
done in this laboratory has suggested 
the Hn portance of Increased acidity in 
hastening mobilization and exeretion of 
stored lead. This would indicate that 
Variations in both acid-base and = inor- 
ganic salt equilibria may be tundamen- 
tal in the explanation of the ditterences 
observed in these experiments and also 
In throwing leht Upon the general prob- 
lem of storage and mobilization of lead 
In the organism. 

The mechanism of absorption of lead 
by lung and of subsequent transporta- 
tion to the skeleton and other tissues 1s 
not vet fully known. Microscopie ex- 
amination of the lunes shows the lead 
compounds diffusely scattered through 
bronchioles and alveoll, Many ot the 
particles beimg contamed in phagoeytie 
eells, a eondition similar to that de 
seribed 1\ Legee and (roadby ra. }). 2). 
Some of these cells are polymorphonnu 
clear leukoevtes but the majority are 
mononuclear endothelial cells proba 


by those whieh have heen deserpbed 1 


Permar (9) and recently discussed by 
Drinker (10). 

Both chemical tests and the localiza- 
tion of lead in the body indicate that 
solution of the particles of lead com- 
pounds must occur during absorption. 
According to most authors, cells filled 
with insoluble particles taken from the 
lunes are eliminated either through the 
Ilvmphaties or in the sputum. It is dif- 
ficult to imagine how large numbers of 
such cells earried in the lymph could 
reach the skeleton where lead acecumnu- 
lates. The fact that after insufflation 
of lead chromate the lead deposit in the 
skeleton is tree from any detectable 
trace of chromium——even when use is 
made ot the extremely delicate diphe- 
nvicarbazide test tor chromie acid de- 
scribed by Cazeneuve (11)—furnishes 
chemical evidence that solution and re- 
precipitation of the insufflated com- 
pounds must occur. This solution could 
be readily effected only at a hydrogen 
lon concentration considerably higher 
than that which generally is found in 
the body. Jacobs (12) has shown that 
it is possible, as a result of the pene- 
tration of carbonic acid, for a much 
higher degree of acidity to develop 
within cells than in the medium. sur- 
rounding them. As a result of this it 
is conceivable that within the phagocy- 
tie cells conditions suitable for the solu- 
tion of engulfed lead particles might be 
produced. Transportation of — lead, 
either im true or colloidal solution, is 
probably effected through the blood 
stream. The skeleton removes and re- 
tains this lead, probably in the form of 
phosphate (15). 

The pathological changes produced 
locally by such imsufflation as has been 
deseribed here are, of course, more 
marked than would usually be the case 
after gradual inhalation of the dust of 


a lead compound in industry. Follow- 
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ing the administration of smaller doses 
the lungs appeared grossly normal ex- 
eept that unabsorbed lead could be seen 
in patches of the same color as the com- 
pound introduced. These were loeal- 
ized, as a rule, in the lower part of the 
upper lobes, and in the upper part of 
the lower lobes. After larger doses, 
marked pulmonary consolidation often 
occurred, especially when the com- 
pounds had been administered by means 
of a tube entering the trachea through 
the mouth. 

A comparison of the rate of absorp- 
tion and of the distribution of the vari- 
ous lead compounds shows that the dif- 
ferences are quantitative rather than 
qualitative. The slow rate of absorp. 
tion of lead oxide is unexpected because 
in Industry the toxicity of lead oxide 
fumes is well known. The slight ab- 
sorption in these experiments may be 
explained by the fact that insufflation of 
such doses of lead oxide caused very 
marked local congestion in the lunes 
which probably interfered with absorp- 
tion hy the blood stream. This artifi- 
cial condition would, of course, not ob- 
tain when lead oxide particles were in- 
haled more gradually. In all the ex- 
periments the disposal of lead inhaled 
into the blood stream is similar. 

This series of experiments conelu- 
sively proves what it was designed to 
demonstrate—namely, that lead is read- 
lv absorbed through the Jungs. The 
abnormal condition of the animals, how- 
ever, involved too many complicating 
factors to permit study of the type of 
polsonimeg whieh follows insufflation. 
The rate of absorption bv the gastro 
intestinal tract is so slow compared 
with that by lune that even if small 
amounts of lead dust were coughed up 
and swallowed they would have com- 


paratively little influence in the devel 


opment of poisoning. 
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Another series of experiments, in 


arr mat aa 


which the esophagus was not lgated, 
was therefore carried out. The teeh- 
nic employed was as follows: Without 


———— - 


cutting the skin, a needle was imserted 
into the trachea of an unanesthetized 
animal. The lead suspension was then 
introduced from a small syringe while 


i, ee 


the cat’s head was elevated to facilitate 
Inhalation of the lead. Doses of 1 to 2 
cc. of lead carbonate suspension (ap- 
proximately 100 to 200 meg. of lead) 


were given. In some instances this in- 


~ ewe. 


jection Was repeated al weekly inter 

vals until three doses had been given. | 
Very little respiratory disturbance Ba 

followed the injection, and until symp | 

toms of chronie poisoning gradually de 

veloped, the animals seemed perfectly 

well, Definite lead lines appeared 

around the teeth within about a week, 

and there was a graduai decrease in 

appetite. Most of the animals lost much 

weight and streneth. After only one 

dose of lead most of the cats eventually 

recovered, although toxie symptoms 

persisted for several weeks. Tf imsuffla | 

tion was repeated, however, the symp 


toms beeame more marked and were 





eenerally fatal; the animals died sooner 


than in ingestion experiments (7), but 


with practically the same symptoms. 
Table 2 shows distribution figures tor 

four untreated cases of poisoning due ] 

to insufflation of lead carbonate. Pro 

tocols 1 to 4+ give the histories of the | 


animals. 


Prorocont 1.—Cat 222. Male. weight 3.9 kg. 


Feb. 2. 19238, 2 @.e. of lead carbonate sus- ft 
pension injected into trachea, without anes- | 
thesia. Very little coughing. 
Feb. 7, 1923, Ervthroevte count, 9,455,920 
per cubic millimeter. No stippled red cells. 
Probably some polveyvthemia due to excite- 
ment eaused by taking blood for count. | 
Feb. 12, 1923. Injection of 2 ¢.c. of lead ! 
carbonate suspension into trachea. Lead line 
on lower eve tooth. 
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TABLE 2.—-DISTRIBL TION OF LEAD IN C 


VES POISONED BY LNSUFFLATION OF LEAD 


CARBONATE 


Weight Total | 
Number 
of ot 


\nimal Doses lox per- hexcla- 
Start lend 


tion of in Body 


iment sive — of 
lauinges 


ky. ky. days mg. 
yy ip o.9 2.0 3 20 30.22 
ont 1.2 2. O 62 62.24 
220 at 10 | 10) 97 92 
ld 5 > 6 ? 6 | 2 60 19 


Reb, Li, 1923. Weight 3.4 ke. Erythro- 
evte count, 9,912,000 per cubie millimeter. 
No typieally stippled red cells, but a few 
polychromatophilie eells. Appetite poor. 

Beh. PL. 198 Weight 5.0 ke. Ervthro- 
eyvte count, LO 399 640 per eubie millimeter. 
NO St] pled real cells, Appetite Very poor, 


. ; 6) | ‘ ] ‘ | “7 
Proect ())) ()] a tt. {I head earoona eC. 


Complete loxs ot equilibri- 
Lidh with a rotation of the head LO the lett 
tendency to fall toward the right. 


When placed on its feet. the eat would rush 


} 

to the right side until it hit the wall or fell. 
No rigidity or paralysis. Apparently normal 
Intelligence and consciousness of surround- 
Ines, During restlessness and exeitement 


pupils widely dilated and hair on end. 

Reh, 27, 1928, The symptoms more and 
more marked. Convulsions frequent. Death 
during a convulsion. Weight at death 2.8 kg. 


Duration of experiment, 25 days. 


Prorocor 2.—Cat P24. Male. weight 4.2 ke. 


) 


Feb. 2, 1923. Injection of 2 c.e. of lead 
earbonate suspension Into trachea, | 
tle respiratory cdisturbanee. 

Reb. 7, 1928, Lead line around lower 
Ervthroevie count, 1LO.812.800 
per cubic millimeter. No stippled red cells. 
| Feb. 12, 1923. Injection of 2 @.e. of lead 
carbonate suspension, Considerable respira 
tory clistress several hours after Injection. 


] : +4 # ; 1] } | = 'y . 
Asthmatic attacks tollowed by periods otf nor- 


Breathing 
Ervthro- 
; S04, 160 per bic millimeter. 
No typleal stippled red cells. 

Weight 2.s ke. Injection 


eradually improved until normal. 


of 2 ee. of lead carbonate into trachea. No 
‘ , : , . 
lt ~ ) ! (ory (ji i } (iC) appetite. 


Number Dura- Lead  Respir- 


Percentage Distribution of 
ead in Absorbed Lead in Tissues 


—_ ay ashed| _ 


atory | Skele- 
Pract ton Muscle Liver Kidney Intes- and 
at 
Death Tract 


mg. ) ¥// i ¥/ ¥/ ¥/ 
154.3 98.3 o.0 | ate L.9 3.6 0.0 
ao.2 92.2 0.0 i QO. %¢ 1.6 0 0 
3602.8 ia.2 19 2 2 0 La he ty 

123.4 78.6 14 (.@ 2.6 0 7 0 4 


Feb. 28, 1923. Weeht 2.5 kg. 
No stippled red cells. 
improved. 

Mar hi ‘a BRA g 


fairly eood, 


Weight 2.3 ke. 


strength. Lead line very marked. 
March 27, 1923, Weight 2.0 ke. 
weak. Appetite fair. 
6.998.560 per cubie millimeter. 
April f, 1923. 
poor condition. Weight 1.9 ke. 
killed and tissues studied. 


Duration of experiment, 62 days. 


) 7 ‘) ‘ s)e) 
PROTOCOL 3.—Cat 225. 


Now. 5. 2920. 


diate reaction, 

Nov. 12, 19293. 
Stomatitis. 

Dee. 13, 1923. 
ular. 

Dee. 15, 1923. 


Killed. Weight 4.0 ke. 


Duration of experiment, 40 days. 
ProrocoL 4+.—Cat 226. Female. weight 
ko, 


Now. ), ] FteD 


marked. Appetiie very poor. 
Dee. 3, 1923. Weight 2.6 keg. 

worse. Animal weak. 

Dee, 15,1923. Cat very weak. 

of distemper. Constipation. 
Dec. 16, 1923. 


: 
\ug.. 1924 


(;astro- Brain 


tinal Cord 





Erythro- 
evte count, 1.090.480 per eubie millimeter. 
Appetite somewhat 


Appetite 


Progressive loss of weight and 


Animal 
ervthroeyte count, 


Appetite fair. Animal in 
Animal 








Male. weight 3.7 ke. 


Injection of ? ee. ot lead 
earbonate into lumen of trachea. No imme- 


Very marked lead line. 
Appetite somewhat irreg- 


Animal in good health. 


[Injection of 2 ¢.c. of lead 
carbonate suspension into lumen of trachea. 

Nov, 6-15, 1923. Frequent vomiting. Teeth 
very sore and bleed easily. Lead line very 


Appet ite 


poor. Condition of animal progressively 
Symptoms 


Cannot stand. Slight con- 
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vulsions. Administration of 0.8 gm. CaCl, in 
400 ¢.ec. Ringer intraperitoneally during day. 

Dec. 17, 1925, Cannot stand alone. Willed. 
Weight 2.0 ke. 


Duration of experiment, 42 days. 


In postmortem examination it was 
found that the lunes of these animals 
were grossly normal, except for small 
areas where deposits of unabsorbed 
lead carbonate were visible. Since some 
of the lead given im these experiments 
was undoubtedly coughed up and swal- 
lowed, absorption must have taken place 
in both the lunes and the gastro-intes- 
tinal tract. 
226) which died with very severe signs 


In two animals (222 and 


of poisoning and marked loss of appe- 
tite, the 20 to 40 per cent. of absorbed 
lead which remained outside the skele- 
Cat 225, 


although it was in good condition when 


ton was widely distributed. 


killed, also showed this wide distribu- 
tion, but in this case there may be a 
possible error due to the fact that much 
of the injected lead was found outside 
the trachea. As far as possible all of 
the visible deposit was removed before 
chemical examination, but contamina- 
tion of the muscles of this region might 
account for the large quantity of lead 
found in the muscular tissue as a whole. 
Cat 224 was the subject of an experi- 
ment of longer duration. In spite of 
severe poisoning, it continued to eat 
well until death. When this animal was 
killed, it had received no lead for six 
weeks and the distribution of lead in 
the body was found to be similar to 
that characteristic of animals after ab- 
sorption of lead has ceased. 


Conclusions 
The two series of insufflation experi- 
ments just described seem to justify the 
following conelusions : 
1. Lead is readily absorbed through 


the lungs after insufflation of finely di- 
Vol. 6 


No. 4 
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vided solid particles. Since the various 
salts introduced are not found as such 
in the skeletal deposit, solution and re- 
precipitation of the lead must occur. 

2. Because lead absorbed through 
the lunes enters the general cireulation 
directly, it is more promptly distributed 
through the organism than that ab- 
sorbed into the portal blood from the 
evastro-intestinal tract. This is because 
the liver is unable to remove and ex- 
crete most of this absorbed lead. The 
reason for the well-known danger of 
exposure to lead dust in industry is thus 
explained. 

». Whatever may be the path of en- 
try, the skeleton always exercises a 
strong attraction for lead in the blood 
stream. After imsufflation, since only 
small amounts of lead can reach the 
liver and be exereted in the bile, the 
skeletal deposit is relatively vreater 
than after gastro-intestinal absorption 
of the same duration. In chronic cases, 
following the absorption of lead by 
either route, the distribution within the 
body is quite similar and shows an al 
most complete selective localization of 
lead in the bones. 


DISTRIBUTION OF LEAD IN THE ORGANISM 
FoLLowInG ABSORPTION FROM A 
SupcuTranetous Deposir 


Several investigators have adminis- 
tered lead subcutaneously in order to 
secure very slow and gradual absorp- 
tion. Since, in industry, this type of 
exposure to lead is uncommon, such ex- 
periments are of little practical value. 
In this study, however, doses of 220 mg. 
of lead—sterile carbonate suspension 
were injected subeutaneously into. six 
cats. These animals were kept in meta- 
bolism cages, and thongh no attempt 
was made to obtain total recoveries, the 
lead excretion in urine and feces was 
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TABLE 3.--DISTRIBUTION OF LEAD IN CATS AFTER LEAD ABSORPTION FROM 
SLEBCL TANEOUS TISSUE 





Dura- Percentage Distribution of Total Lead 
tion of l nab- Total Gastro- 
Eexper- Weight of Animal sorbed Lead Intes- Brain 
Num- iment Lead | in Body Skeleton Muscle — Liver Kidney tinal and 
ber At Start At Death Tract (Cord 
days hq. ky. mq. mg. wf / “A v/ y/ vr v7 
132 2.6 oe 110.45 29.éia GO. 7 > 0 0.6 .¢ : ie 0 0 
2 119 ao 10 157.99 29 .20 99 | 0 0 0 0 6 0 « 0.0 


studied from time to time. Small 
amounts of lead (2 to 5 me. per week) 
Were constantly excreted in the feees, 
and occasional traces appeared in the 
urine. 

After four months, durine which the 
only Indications of lead intoxieation 
were definite lead lines In certain eases, 
two animals were killed and ther tis 
sties were analyzed. Table 5 shows the 
distribution figures. The total amounts 
of lead stored in the body other than the 
still unabsorbed deposit were Doi? and 
29.20 me, respectively. OF this about 
JO per cent. Was in the skeleton: most 
of the remainder was in the liver and 
evastro-intestinal traet. 

In these animals very slow absorp- 
tion on the one hand and exeretion or 
harmless storage of lead in the skeleton 
on the other apparently served to main- 
tain such a low concentration ot lead 
In the blood stream that no noticeable 
symptoms of plumbism developed dur- 
ing the course of the experiment. Since 
In the two cases studied the disposal of 
lead was the same as that which fol- 
lows gradual entrance of lead imto the 
eeneral circulation, the remaining’ four 
animals of this group were reserved for 
further experimental study. 

Absorption through the skin has often 
heen suggested as one of the possible 
sources of danger in industrial ex 


Posure to lead. Sussmann (14) has 


shown experimentally that it 1s possible 


to imduce Very slow absorption ot cer- 
tain lead compounds through the intact 
skin. In our experiments the extremely 
slow absorption of lead carbonate 
placed directly in the subcutaneous tis- 
sue indicates that absorption through 
the unbroken skin must be extremely 
sheht. This, together with the taet that 
In Industry cutaneous exposure to lead 
Is usually accompanied by respiratory 
or gastro-intestinal exposure, makes 
contact of the mtact skin with lead ¢om- 
pounds of very minor importance as a 


enause otf poisoning. 


GFENERAL SUMMARY AND Discussion OF 


Papers A anp B 


These studies of the distribution of 
lead in the organism after absorption 
by the respiratory or gastro-intestinal 
tracts or by the subcutaneous tissue 
seem to justify the following conelnu- 
sions, Which are also in accord with con- 
ditions observed in postmortem studies 
of lininan material atter chronie lead 


polscnimng,.’ 


A bsorption 


Lead is absorbed by the gastro-intes- 
tinal mucosa, the entire respiratory 
tract, and subeutaneous tissue. When 
it enters by the gastro-intestinal route, 


See Minot. A. SS and Aub. J. ©.: Lead Studies 
\. (°.. The Distributien of Lead in the Tnman 
Qirganism. Thos Jour. 14-1925. 6. 149. 
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lead is transported in the portal blood 
to the liver. 
rest of the organism rather efficiently 
by removing most of the lead carried 


This organ protects the 


in the portal vein and by excreting a 
large part of it in the bile. This mech- 
anism greatly retards actual absorp- 
tion of lead into the general circulation 
The total 


found in the various tissues even atter 


alter Ingestion. amounts 


long exposure are always low. Gradu- 
ally, however, lead reaches the systemic 
circulation, is distributed throughout 
the organism and sooner or later causes 
lead intoxication. 

Lead compounds insufflated as solid 
particles are absorbed directly into the 
Thus 


tributed throughout the oreanism much 


eeneral circulation. lead is) dis- 
more rapidly when it enters through the 
respiratory tract than when the liver 
can exercise its protective function of 
removal and excretion during the pro- 
cess of absorption. 

Lead lkewise enters the general e.r- 
lation directly from the subcutaneous 


tissue, but the rate of absorption hy 
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this route is so slow as to be ot very 
little practical importance. 


Distribution 

The avidity with which the skeleton 
picks up and retains lead from systemic 
blood is very marked. Although during 
active absorption lead can generally be 
detected in all tissues, selective loecaliza- 
tion in the bones 1s apparent from the 
first. After absorption ceases, the lead 
retained by the organism gradually be- 
comes almost completely localized in the 


skeleton. 


Storage 


After absorption has ceased and 
symptoms of potsonime have disap 
peared, a considerable amount of lead 
may still be retained by the skeleton. 


Is 


Such oa of lead 
harmless and may be held indefinitely. 


Store temporarily 
Its skeletal deposit is, however, held) in 
such a position that its release would 
flood the organism with lead: for this 


po- 


reason. it must be considered as a 


tential souree of future danger. 
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LEAD STUDIES V 
C. THE DISTRIBUTION OF LEAD IN THE HUMAN ORGANISM* 


A. 8S. Minot, Pu.D., ano J. C. Aus, M.D. 


From the Laboratories of Physiology of the Harvard Medical School 


Introduction 
Hit large number of chemical data 
in the literature contributes little 
toward a better understanding of chron- 
i¢ plumbism because of the almost uni- 
versal failure to study individual cases 
Although 
vyses have supplemented most of the 


intensively. chemical anal- 
more modern investigations, in nearly 
every case only the one or two tissues 
obviously involved have been examined 
—the eastro-intestinal tract in cases of 
colic, the brain in encephalopathy, ete. 
—so that no complete picture of the 
distribution of lead in the organism at 
any given stage in the disease has been 
obtained. It is impractical in this paper 
to enumerate such chemical data from 
the analysis of isolated tissues, but it 
is important to mention a few of the 
more thorough examinations. 

ne of the earliest investigators to 
make extensive studies of the distribu- 
tion of lead in the human organism was 
Devergie (1) who with 
Tanquerel des Planches (2) in studying 
industrial lead poisoning. Although his 


collaborated 


work is of historical interest because he 
analyzed most of the tissues in a large 
number of cases, the crudity of the 
analytical methods of his time limits the 
the data. 
cently Meillere (3) has carried out the 
most extensive chemical investigations 


value of Comparatively re- 


of human tissues. The range of econ- 


centration of lead which he found in the 


*Received for publication June 23, 1924. 
Vo i. 


No. 4 


numbers ot 
Untfor- 


tunately the method of presentation of 


various tissues in great 


analyses is shown in Table 1. 


results obseures mueh of the informa- 
tion which must le in such a mass of 
data. If the individual distribution pie- 
tures could be compared or contrasted, 


much more eould be learned in reeard 


to the relation between chemical find- 
TABLE 1.—CONCENTRATION OF LEAD IN 
HUMAN TISSUES (MEILLERE) 
CONCEN- 
TISSUE TRATION 
| OF LEAD 

mg. per kq. 

fresh tissue 

Hair of axilla and pubis. ....... 500 to 5,5 00 
Hair of head... ... a om eb 200 to 2.700 
Teeth. ..... 64 2 at bs H0 to 180 
DO ere vas ne be eo 8 to Y() 
Ee re | | 2to 80 
Gray matter of brain ewe nes lo to 60 
SS Serre etehayeebewad'oa 6to 35 
ee - 2 to i 
Ribs and costal cartilage. . L to 25 
Large blood vessels... 2... .. & to lo 
SS eee 5 to 12 
ae 5 to 8 
Cs a snd o de aba edheeeweeene 2 to { 
ree es ere ee 3 to 6 
Muscle... ... ish .oeewe ones barns 2 to 4 
White matter of brain. .............. 1 to 4 
eet 2 to 3 


Thyroid... . 


ings and the stage and type of plumb- 
ism. Meillere, himself, brings out points 
in lis discussion which show that he 
evidently made such comparisons. He 
has noticed that the lead, which is wide- 
ly distributed during the period of ab- 
progressively 


sorption, tends to be 


more and more localized in the kera- 
tinous tissues, bones, and central ner- 
vous system after exposure to lead has 
Oliver (4) 


ceased. likewise has con- 
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tributed rather complete studies of lead 
distribution im a few cases. 

The purposes of this paper are (a) 
to present the figures obtained in seven 
autopsies by chemical analysis of the 
tissues after industrial exposure to 
lead, and (4) to apply similar informa- 
tion derived from recent animal experi- 
ments (5) to the mterpretation of the 
necessarily less complete data which 
may be obtaimed trom human autopsy 


material. 


Discussion oO] “Normal Lead” 

Before proper diagnostic significance 
may be assigned to the concentrations 
of lead in the tissues, it must be ascer- 
tained whether or not lead is normally 
As Chev- 
reul (6) and Devergie (1) poimted out, 
the 


chosen. 


present in the human body. 


term ‘Snormal lead’? is poorly 


Lead is neither an essential 


econustant constituent of hu. 
but 


dentally if the customary activities and 


nor a any 


man tissue, may be present acel- 


diet of an individual allow the entrance 
of lead compounds into the organism. 
There is, therefore, only a quantitative 
difference between so-called normal 
lead and that found after symptoms of 
plumbism have developed. It is, nev- 


ertheless, important to know what 


amounts of lead may be absorbed by 
persons living a normal life at a given 


time and loeality, beeause such data 
help In the interpretation of the = find- 
Ings after industrial exposure and pro. 
vide general information about publie 
health 1840 
published the following fleures for what 
lead”? 


Although these figures 


eonditions. Deverele im 


he called ‘tnatural present in 
human tissues. 
are probably very maccurate owing to 
the 


however, of sutherent historical imterest 


methods of analysis, they seem, 


to be ineluded here. 
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Lead Found Caleu- 
lated as PbSO, 


Source of Tissue gm. in total organ 


A new-born intant—intestinal tube 0.001 
(‘hild 8 years old—stomach 0.004 
Child 4 vears old—intestinal tube 0.025 
Adult healthy woman— stomach 0.020 
Adult healthy woman—intestines 0.040 
Adult man—intestines 0.031 
Adult man—gallbladder and bile 0.003 
Sick woman—intestines 0.010 
Sick woman—brain (1 Ib.) 0.006 


Legrip (7) and Millon (8) at about 
the same period found lead generally 
present in the blood and tissues of nor- 


All 


authors agree that lead is present in the 


mal individuals. three otf these 


organism beeause of the accidental con- 
food, 


with lead compounds. 


and water 


At a time when 


tamination of wine, 
much less care was exercised to obtain 
pure food and drinking water than has 
been the case more recently, such con- 
surprising. In 1903 
Meillere (9) took up this problem and 
that 
frequently, but by no means universally, 


ditions are not 


found small traces of lead were 


present in the tissues of persons who 
were not exposed to lead in industry 
and who showed no symptoms of pol- 
soning. In sueh cases lead was found 
most frequently in the hair, nails, and 
bones, where it appeared to be. stored 
as a harmless deposit. 

Since recent experiments have shown 
that lead retained in an apparently nor- 
mal individual is to be found almost 
exclusively in the skeleton, it seemed 
most reasonable to test for the so-called 
normal lead by analyzing specimens of 
hone. Table 2 shows the concentrations 
of lead found in twenty-six specimens 
of human bone obtained from cases with 
no symptoms of plumbism and no re- 
lead. In 
Of these, 


four eases had a definite history of ex- 


eent industrial exposure to 


seven causes lead was present. 


posure to load at some previous time. 


a. 4. 2. 
Aug., 1924 
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LEAD LEAD PER 





SPECIMEN SPECIMEN FOUND | 100 GM. sais 
mq. mq. 
Femur 0.00 0.00 Male 
Tibia 0.00 0.00 Female 
Ribs 0.00 0.00 female 
Ribs 0 00 0.00 Vale 
Tibia 0.87 0.26 Nlale 
Fibula 
Tarsus 
Tibia 0.00 0.00 Nlale 
Fibula 
Toe 
Lower leg 0.00 0.00 Vale 
Vertebra 0 00 0.00 Nlale 
Tibia 0.00 0.00 Male 
Fibula 
Vertebra 0.74 1.18 Male 
Tibia 0 00 0). 00 Male 
Tibia 0.00 0.00 NLale 
Tibia 0.00 0.00 Female 
Foot 0.22 0.089 Male 
Tibia 0.00 0.00 \lale 
Vertebra 0.72 1.18 Female 
Tibia 0.00 0.00 \lale 
Fibula 
Foot 
Tibia 0.00 0.00 Vale 
Femur 0.00 0.00 Niale 
Radius and 0 00 0) 00 Nlale 
ulna 
Femur 0. 00 0 00 Nale 
Tibia 7.08 2 08 Male 
Femur 0.00 0 00 Male 
Femur 0 O00 0.00 Male 
Tibia ‘2 0 90 Female 
Tibia 335 5.62 1 68 Female 
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TABLE 2.—ANALYSIS OF NORMAL HUMAN BONES 


BRIEF HISTORY 





Tinsmith for 25 years. Leg amputated 


for diabetic gangrene. 

Ilousework until 3. years before. 
Amputation of lower leg for arterio- 
sclerotic gangrene, 

Clerk. Rib resected for unilateral 
pulmonary tuberculosis. 

Weaver in cotton mill for 3. years. 
Resectionof ribs forchronicempyema. 


Traumatic amputation of leg. Only 


known exposure to lead was careless 
use of paint 2 months before. 

Weaver. Amputation for arterioscler- 
otic gangrene, 


Fireman. Amputation for osteomy- 
elitis. 

Occupation unknown. Lobar  pneu- 
monia,. 


Stock clerk for 3 months. Ampu- 
tation for sarcoma. 

Veterinary. Until 5 years before 
death had used drinking water from 
well contaminated with lead. 


Night watchman for 6 months. Usu- 
al occupation unknown. Amputa- 
tion of left leg for arteriosclerotic 
gangrene. 

Tailor. Amputation of a painful 
stump for osteitis. 

Housewife. Amputation of unhealed 
stump for diabetic gangrene. 

Brakeman on railroad for 12> years, 
except for occasional painting. Paint- 
er 7 years previous” to present 
occupation. Traumatic amputation. 

Occupation unknown. 

Demonstrator and saleswoman. — Fre- 
quently painted pictures, furniture, 
and interior of her house. Syphilis of 
stomach and cirrhosis of liver. 

Mill worker. Amputation for arterio- 
sclerotic gangrene, 


Occupation unknown. Traumatic am- 
putation. 

Coal heaver for 20 years. Amputation. 

Laborer. Traumatic amputation of 
forearm 

School boy. Amputation for septice- 
rida. 

Treer in shoe factory for 30 years. No 
known exposure to lead. Amputa- 
tion for diabetic gangrene. 

Mechanic for 15 years. Amputation 
for arteriosclerotic gangrene. 

Twelve years in rubber plant, spreader 
and curer of rubbers. Amputation 
for progressive thrombo-angiitis. 

Llousewife. No known exposure to 
lead. Diabetic gangrene. 

Cook. Amputation for diabetic gan- 
grene. Only known exposure to lead 
was use of lead water pipes for many 


years. 
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Although the other three patients could 
recall no activity involving exposure to 
lead, sueh a hazard might well have 
been 


overlooked. Nineteen specimens 


of bone, however, contained no lead, 
despite the fact that they were taken 
chietly from old persons who had had 
prolonged opportunity for exposure. 
These figures indieate that in this viein- 
itv food, water supplies, and the usual 


activities of daily life cause no retention 
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ot lead in the body. 


Analytical Results 
Analyses have been made of the vari- 
ous tissues of seven patients with known 
histories of exposure to lead. The ana- 
lytical data and the brief histories are 
presented for each case separately in 





order to allow comparison of the vari- 


ous stages of intoxication. 


CASKE ] 


PP. i, female, aged 
History. The patient has had one eonvul- 
sion previous to her present illness. 
year 


? vears. 


’ 
I; OF Ofc 


she has gradually developed an illness 


eharacterized by inereasing weakness and 
vomiting; she now vomits after each meal. 
She has marked constipation (five to seven 


ay \\ e| 


days without movement 


Tremor and lead line developed during her 


} 


stay in the hospital. She had been g@nawing 
paint from a bed for some time before ad- 
mission and eontinued to have perverted 
appetite for paint and linen. She was dis- 
charged five months after admission. 


Phisica KE ramination showed nothing eCX- 
eept a weak, undernourished child far below 
par mentally, 

Laboratory 
but normal 
tolerance 


showed 


Findings showed elycosuria 
sugar. A normal glucose 
CULrVe We The blood 


anemia and marked stip- 


hlood 
( byt al hes | 


is 


secondary 


to the hospital the child was listless and with- 
out appetite. The day before admission she 
became drowsy, sleeping most of day. She 
had had constant convulsions since morning, 
She died a few hours after admission to the 
hospital. 

Physical Examination showed the child in 
tonic convulsive state. No Kernig was elie- 
ited but normal reflexes were exaggerated. 

Laboratory Findings showed a trace of al- 
bumin, eonsiderable sugar, acetone, and 
slight trace of diaeetie acid in the urine. 

Spinal puncture showed fluid under slight- 


ly increased pressure, shg¢htly cloudy and 
vellowish. There were 70 cells per cubie 
millimeter. Globulin content was not in- 


Wassermann test was negative. 
Autopsy Findings. Tissues appeared gross- 
normal. 

Diagnosis. 


ereased 


ly 


Chronie lead poisoning with 


encephalopathy. 





pling. Analysis of Tissues. The results are elven 
in the accompanying table. 
Discussion. This is an acute ease of lead 
Necond Admission. Two months later. poisoning produced by the swallowing of lead 
° ’ ’ ’ . . . » . P s . rn 
History. or five days before admission paint by a mentally defective child. The 
~ . . LEAD PER. APPROXIMATE 
rISSUI eee a sicbeiapions meanest 100 GM. LEAD IN 
ENTIRE ORGAN ANALYZED inten OF TISSUE | TOTAL TISSUE 
qi. qm. mid. ng. nq. 
Liver 150.0 259 0 $.36 5.11 22.99 
Kidney QT 0) TOO 70 1 00 0.97 
Pancreas 11.0 11.0 | .09 10.00 1.09 
Spleen iz () 52 () 0. 56 1.07 () eh 
Stomach 54.0 54.0 0.35 64 0.35 
Small intestine l76.0 176.0 0.43 () 24 0). 43 
Colon 115.0 115.0 0 $l 0. 70 0. $l 
Louing 1900 $3.6 0.27 () ba 0.61 
Ileart 57.0 18.2 () 26 0.53 0.30 
( erebrum TV do () 745.0 2 Q | 0.39 2.91 
(lerebellum and medulla 105 0 105.0 0) 65 0 62 0.60 
Vertebrae 1-20 0 13 0 } 99 15.30 195. 80 
Bile = trace 
Blood. . 25.0 trace 
Bladder contents 17 .Q trace ; 
\\ t Ke low tlated as 16 per cent. ol body werght 
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high concentration of lead in the liver indi- 
cates continued gastro-intestinal absorption, 
while the presence of lead in the blood stream 
and throughout the organism leaves no doubt 
of the active participation of lead in pro- 
ducing the clinical pieture. The high con- 
centration of lead in the pancreas in a ease 
showing glycosuria is of interest but of 
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course only a single observation. The con- 
dition of acidosis indicated by the presence 
of acetone and diaecetie acid in the urime sug- 
vests the reason for the liberation of lead 
stored in the bones. We have here probably 
an organism overwhelmed by lead entering 
the blood stream both from the gastro-intes- 
tinal tract and from the skeletal deposit. 


CASE 2 


A. S., male, married, aged 42 vears. 


History. The patient has been exposed to 
lead since a small child, by watching his 
father spray trees with lead arsenate. For 
twenty-seven years he has worked with the 


forestry department, transporting and using 
lead arsenate as a spray. In summer during 
the spraying season he has had severe lead 
Treatment for double wrist drop was 
twelve and was continued 
Despite this, the paralysis 
the last 
has 


eolie, 
begun vears ago 
for three vears. 
of the has continued, and in 
three difficulty in) walking 
veloped, Mx posure to lead has been some- 
what reduced during the last few vears. For 
three weeks before entering the hospital the 
patient had increasing delirium, hallueina- 
tions, marked mental irritability, loss of con- 
centration, and difficulty in speech. There 
Was occasional incontinence of both urine and 
Ile had a history of syphilis in early 
Death was probably caused by pneu- 


avis 


Vears (le- 


Peces, 
life, 
monia. 
Physical showed complete 
paralysis of the extensor muscles of the fin- 
wrists, and forearms on_ both 
There was slight flexion of the right lee but 


Karam mation 


Lers, sicles. 


not of the left. Both knee jerks and ankle 
jerks were absent. ()n the right leg, Babin- 
ski, Shattuck, Oppenheim, and Gordon re- 
flexes Were positive. Sensation was appar- 
entiv normal. There was marked decubitus. 
No lead line was noted. 

Laboratory Findings. The hlood 
a red count of 4,000,000 cells per cubie milli- 
meter. There was an occasional but) very 
doubtful stippled cell. The Wassermann test 
twice negative. The spinal fluid) was 
clear, colorless, and under normal pressure, 
and contained three cells per cubie millime 
ter. The slightest possible trace of globulin 
Was observed. There 
The Wassermann test Was positive. 
test showed a tabetic curve. 

Autopsy Findings. Autopsy showed fibrin- 

atrophy of the ex 
forearm, arteriosclero 


showed 


Was 


mecreased SUGVar. 


The gold 


Was 


ous pleuritis, Cystitis, 
tensor muscles of the 
sis, pachymeningitis and leptomeningitis of 
the cord, degeneration of ulmar and median 
nerves with fibrous tissue replacements, ana 
lobar pneumonia of the right lower lobe. 
Diagnosis. Pneumonia 
syphilis and chronic lead) poisoning. 


4 | nalysis or Tissue aS 


LEAD PER APPROXIMATE 
TISSUE WEIGHT OF WEIGHT UEAD 100 GM, LEAD EN 
ENTIRE ORGAN ANALYZED FOUND OF TISSUE TOTAL TISSUE 
qm. qm. mq. mid. mig. 

Liver 05 1.3900 0.22 QO] 0.23 
kidney 320 247.0 Q 23 0 09 0 30 
Pancreas 8 81.0 0 20 Q 25 20 
Spleen 79 79 0 trace 
Stomach 122 122.0 trace 
Small intestine 765 765 0 ) 26 0 03 () 26 
(Colon 397 397 0 trace 
Lung 1.316 1316.0 QO 17 0.01 O17 
Heart 290) 219 0 trace 
Viuscle . 501.0 0 00 OO 0 OO 
Peripheral nerye, cord, and 

dura 2950 trace 
(Cortex and basal ganglia 1345 YO? 0 () 2? ) OL O 3] 
(Cerebellum 117 117.0 ) 20 QO.17 20 
(sastro-intestinal contents H0 0 0 17 28 
Vertebrae \ 9.600! 68.0 a 3.3 39000 
Femur 12% ” 1 yr 
Feces 15.0 (). 22 1.47 
(rine . 2 500 0 0 O00 0 OO 
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skeleton calculated a 16 per cent of body wetrhl 
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Discussion. This is a ease of lead poison- 
ing of lone duration. The tissues were 
analyzed several months after the last ex- 
posure, and the wide distribution indicates 
that a mobilization of stored lead has oe- 
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curred. This is associated with a severe ter- 
minal illness of a month’s duration involving 
ereat emaciation, diminished intake of food, 
and a severe infection. 


CASE 3 


EK. 1.2. male, single, aged 25 vears. 

History. There was no exposure to lead 
previous to the last seven months, during 
Which the patient has worked in the mixing 
room of a rubber company. The room was 
very dirty and the workmen were exposed 
to mueh dust which contained lead com- 
pounds. The patient felt well until five 
months before death, when he began to have 
abdominal pains, marked constipation, and 
occasional attacks of dizziness. Ile has been 
out of work two weeks in the last five months 
on account of abdominal pains. Nine days 
before admission to the hospital, while chang- 
ing his clothes in a faetory in the morning, 
he suddenly became blind in his left eve and 
his left arm and leg were temporarily para- 
Ivzed. This attack passed off and he went 
to work. Nine days later he fell to the floor 
Where he remained for a few minutes. Sud- 
denly he got up and became so violent that 
five men were required to hold him. He was 
taken to a psychopathic hospital where elonie 
convulsions continued. Two days after ad- 
mission he was given SOO ¢.c. of a 3 per cent. 
solution of sodium bicarbonate intravenously. 
He died fourteen hours later. 





perature was 102 The systolic blood pres- 
sure was 120, the diastolic 75. 

Laboratory Findings. Urine examination 
revealed the shehtest possible trace of albu- 
min, three to five white blood cells in a 
microseopie field, and a few hyaline and 
eranular The blood findines were: 
hemoglobin SO per cent., white blood count 
28,000, red blood count 3,352,000, polymor- 
phonuclear leukocytes 88 per cent., lympho- 
eytes 9 per cent., large mononuclears 3 per 
cent. There was marked stipphng. The 
Wassermann test was positive. The blood 
contained 54 mg. of non-protein nitrogen per 
100 e.e. The spinal fluid was clear and con- 
tained 94 cells per eubic millimeter (nearly 
all were small lymphoeytes). The albumin 
and globulin were ++, the colloidal 
eold and Wassermann tests negative. 

Autopsy Findings showed a well-developed 
male negro. The gross pathological findings 
were: definite lead line, evidence of pulmon- 
ary edema and brenchopneumonia, and de- 
veneration of the testicles. Grossly the brain 
appeared somewhat edematous, and the dura 
and pia were thickened. Microscopically the 
pia was seen to contain excessive fibrous con- 


Casts. 


tests 























Physical Kramination, The patient ap- nective tissue with many large mononuclear 
peared to be in coma. The pupils reacted cells and lymphocytes, especially over the 
to light. <All reflexes were normal except frontal, occipital, and eerebellar regions and 
that) both knee jerks were hyperactive. in the cord. The arterioles were somewhat 
There was possibly a slight bilateral ankle thickened and there was some degeneration 
clonus. The abdominal wall was somewhat of nerve cells of the frontal lobe. 
sunken and was held rigid. There was a Diagnosis. Lead encephalopathy and ques- 
marked lead line. The patient had incon- tion of syphilis. 
tinence of urine and feces. The reetal tem- Analysis of Tissues: 

a ee wer LEAD PER | APPROXIMATE — 

winner WEIGHT OF WEIGHT LEAD 100 GM. saan, on 
ENTIRE ORGAN | ANALYZED oo OF TISSUE TOTAL TISSUE 

qm. qm. mq. mq. mq. 
Liver. ... 1,380.0 609 .6 0.77 0.12 1.65 
kidney. ... 270.0 218.4 0.77 0.35 0.91 
Spleen 140.0 129.0 2.08 1.59 2.23 
Lung % 4 a 1,520.0 932.0 i Q 29 4.4] 
Heart 340.0 225.0 0.7 0.32 0.99 
Ribs . | 144.0 ) 0.8 0.56 ) > 
? 100.0 ee - he 280.00 
Vertebrac 12.100. 143.0 J 5 63 3.93 | 
Cerebellum 116.6 106.0 QQ 5] 0.49 0.71 
Cerebrum L.w1é3.4 705.0 0.00 0.00 0.00 
Blood , 180.0 0.50 0.27 ns | 
Bile... - 10.0 0.00 0.00 
Intestinal contents. . . 50 0. 1.80 | 


Weight of skeleton calculated as 16 per cent. of body weight 


U0 


YQ 
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Discussion. This is a case of lead encepha- 
lopathy following exposure to lead dust until 
two days before death. The presence of lead 
in the blood stream and the general distribu- 


tion, as well as the large amount of lead in 
the lungs, indicate that lead transportation 
and absorption were going on until death. 


CASE 4 


J. G., male, married, aged 60 years. 

History. The patient worked as a butcher 
all his adult life until six years ago. Since 
then he has worked regularly as a painter. 
Ile has remained perfectly well, has no his- 
tory of colic, headaches, arthralgia, weak- 
ness, or pallor, and has never been consti- 
pated. Two days before death he fell down 
an elevator shaft while at his work. He was 
taken to the hospital in severe shock, where 
his treatment included the injection of 100 
c.c. of 15 per cent. sodium chloride solution 
intravenously. 

Autopsy Findings. Autopsy disclosed a 
fracture of the skull whieh followed the 
frontal sutures and extended into both mid- 


Diagnosis. Fractured skull. 

Analysis of Tissues. The results are given 
in the accompanying table. 

Discussion. The sudden traumatic death 
in this ease furnishes a pictur: of lead dis- 
tribution which is probably typical of many 
lead workers without symptoms of plumb- 
ism. Significant amounts of lead are stored 
in the bone. The high concentration of lead 
in the liver indicates continued gastro-intes- 
tinal absorption, and in keeping with this 
the detection of lead in the kidney and the 
central nervous system shows lead in the 
process of transportation despite the absence 
of symptoms. The absence of lead in the 
lunes suggests that in this ease there was 





dle ears. There was no evidence of lead little inhalation of lead dust. 

poisoning, 

ae - _ LEAD PER APPROXIMATE 
TISSUE WEIGHT OF WEIGHT LEAD 100 cM LEAD IN 
ENTIRE ORGAN ANALYZED FOUND on suite TOTAL TISSUE 
gm. qm. mq. mq. mq. 

Liver............0--. | 1,600 1,150.0 7.84 0.68 10.88 
eT Teer eee ere 320 110.0 2.70 2.45 7.84 
rere 75 74.5 0.00 0.00 0.00 
is rar ule 4 a2 1.390 583.0 0.00 0.00 0.00 
Cerebellum |. — 500 195.0 0.44 0.22 | 3 9) 
Cerebrum 900.0 2.70 0.30) 

Vertabras | wet 155.0 wet 2.97 | 

iia Se 11,200! dry 13.0 4.61 dry 35.46 | 800 00° 

Shaf —- wet 23.4 wet 11.36 

naft of femur dry 15.0 2.56 dry 17.00 | 





Calculated by assuming 70 kg. as body weight and weight of skeleton as 16 per cent. of body weight. 
~ Estimated by taking average concentration for wet weights. 


CASE 5 





C. §$.. male, married, aged 65 years. 

History. For the last six years, until ten 
weeks before death, the patient has worked 
constantly as janitor for several tenements. 
[le has done a good deal of painting, about 
which he was very eareless. He has never 
shown symptoms of lead poisoning but has 
had gastric distress after periods of heavy 
drinking. For the last seven weeks he has 
had severe pain in the left chest with gradu- 
ally increasing dyspnea, palpitation, and pre- 
cordial pain on exertion. 

Physical Examination showed auricular 
flutter and a pericardial friction rub. No 
lead line was observed. 


Laboratory Findings. Blood examination 


showed 3.000.000 red. cells per eubie milli- 
There was some achromia of the red 


meter, 


cells, but no stippling. 

Autopsy Findings. At autopsy an infaret 
of the wall of the left ventricle was found, 
as well as hypertrophy and dilatation of the 
heart. A mural thrombus was also present. 
Evidences of coronary and generalized ar- 
teriosclerosis, arterioselerotic nephritis, and 
chronic passive congestion were observed. 

Diagnosis. Infaret of the heart and auriec- 
ular flutter. 

Analysis of Tissues. The results are given 

in the accompanying table. 
This case was studied because 
of the history of exposure to lead. There 
were no signs or symptoms of plumbism 
present. The distribution shows nearly all 
of the lead stored in the bones. 


Discussion. 
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WEIGHT OF 


TISSUE 
ENTIRE ORGAN 

qm. 
Liver 505 
hidney 295 
Spleen. POD 
Lung , 
Hleart | 995 
Vertebrae | 9 600! 
enmur 


LEAD PER APPROXIMATE 


“ RIGHT naan 100 GM. LEAD IN 
ANALYZED FOUND eRe pr ckgge ton 
OF TISSUE TOTAL TISSUE 
qm, mg. mg. mg 
210 0 0.31 O15 1.95 
112.0 11 0.39 0.88 
185.0 0 OO 0 OO 0.00 
258.0 0 OO 0.00 0.00 
$5.0 0 OO 0.00 0.00 
160 0 | | sD > 10 | oy 
23.5 2 66 1 31 J oa 


' ; : 
Weight of skeleton calculated as L6 per cent. of body weight 


I. t.. male, married, aged ol vears, 


(CASE 6 


History. The patient has been a_stereo- 


tvper for over twenty-five vears, working 


seven hours a day ina small room where he 
stood over vats filled with molten metal (lead. 


antimony, and tin) from whieh fumes rose 
constantly. During the past nine months he 
has felt too weak to work, has had no appe- 
tite, and has beeome constipated. Ile has 
lost 20 pounds im weight. For six weeks 


he leis been inable lo swallow mich food as 


if meets an obstruetion. Phe patient 


Was 


operated upon and gastrostomy performed 


seven days before death. The operation 


followed by frequent feedines of malk 
Coes, 

Physical Baramination. No lead line 
Observed. The marked) lung pathology 


explained by N-ray demonstration of 


WEIGHT OF 


rISSul | 

ENTIRE ORGAN 

am, 

Liver 1,435 
Kidney 270 
Spleen. OH0 
lleart POD 
Pancreas 
(sastro-intestinal tract 
Vertebrae 11.200! 


; 
homur 


esophageal tumor with an esophago-tracheal 
fistula. 

Laboratory Findings. The blood showed 
no anemia, stippling, or polychromatophilia. 

Autopsy Findings. Autopsy disclosed a 
large carcinoma of the esophagus with two 
sinuses leading into the trachea and left 
lung; chronic pleuritis; atelectasis of the left 
ling; gastrostomy; and localized peritonitis. 

Diagnosis. Careimoma of the esophagus 
with esophago-tracheal fistula. 

Analysis of Tissues. The results are given 
In the accompanying table. 


Was Discussion. The detection of lead only in 
and the skeleton simply indieates that lead has 
been absorbed during the previous exposure. 
was The foreed feeding with milk and eggs the 
was last few days of life is probably partly re- 
an sponsible for the limited distribution. 
LEAD PER APPROXIMATE 
WEIGHT LEAD , 
(oe lOO GM. LEAD IN 
ANALYZED FOUND : ; Peres , 
OF TISSUE TOTAL TISSUE 
qm, mi. my. my. 
710.0 000 0 00 0.00 
112.0 0.00 0.00 0.00 
ae .8 0 00 0 00 0 OO 
92.0 0 OO 0 OO 0.00 
20.0 0.00 0.00 0.00 
276.0 0.00 0.00 0.00 
110.0 2.41 =.8e pine , 
: 213.00 
i2 .6 trace 13.0 


Weight of skeleton calculated as L6 per cent. of body weight. 


(loncentration of vertebrae assumed for entire skeleton 


J. di, male, married, awed 55 vears., 


CASE 7 


History. The patient had been apart 


mixer for at least fifteen vears. Ile worked 


eenerally with paints already mixed in oil 
and was therefore exposed to very little lead 


lust. Nine months before death he 


CO 


plained of abdominal cramps, lost weight, 


and showed pallor. Tle worked only 
months after this. 


two 


Physical Examination. A consultant found 
a faint lead line nine months before death, 
but no other signs of lead. On the basis of 
the blood picture a diagnosis ot pernicious 


anemia Was made, 

Laboratory Findings. The hlood showed 
a red count of 1,200,000 per cubic millimeter, 
1) per Cent, hemoglobin. and ho stippling. 
There was marked achromia and poikyloey- 
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tosis With moderate anisocyvtosis and a. ten- 
deney to macrocytosis and polychromasia. 
Autopsy Findings. At autopsy a lead line 


was found on the gums over several teeth. 
There were evidences of obliterative peri- 
carditis and chronic nephritis. The bone 


marrow was heht brick red. The brain was 
edematous. 

Final Diagnosis, Cardiovaseular and renal 
disease With anemia. 


Analysis of Tissues: 


yi 


DIN THE ORGANISM 


Discussion. This patient was mildly ex- 
posed to lead for many years previous to 
seven months before death. Death was prob- 
ably due to pernicious anemia, The absorbed 
leadl was stored solely In the bones, indicating 
that there 
was no mobilization of lead prior to death. 
The high concentration found in the bone 
marrow is probably due to the large amount 


absorption had ceased and that 


of bone spicules which were present. 


LEAD PER APPRONIMATI 


ee WEIGHT OF WEIGHT LEAD 
rISSUE Per anenein . LOO GM. LEAD IN 
ENTIRE ORGAN ANALYZED FOUND 
OF TISSUE POTAL ‘TISSUE 
qm. qm. md. mq. my. 
Liver L740 1.4158.0 0 O00 0 O00 oo 
Kidney. . 245 219.3 0 00 0 00 0 0 
Spleen..... Sain 230 230.0 0.00 0 00 0 4) 
ENE Be Sie ee 176 112.5 0 00 0 00 0 0 
Cerebrum . 1.076.0 0 00 0 O00 
. sos ILO () { 
Cerebellum ) a 180.0 0 00 000 
rtebrae O | 50.0 0 8 9 >) 
\ rtebrae 8 000 a. ol 1.62 1N5 G 
femur 150.0 1 98 3.32 
\Vlarrow and spicules from fe- 
oO) ca tf ar 3.0 62 20 Of 


Weight of skeleton calculated as 16 per cent. of body weight 


General Discussion 


Anima! have demon- 


strated that during active absorption or 


experiments 


following the mobilization of a skeletal 
store, lead can be detected in practically 


eVery tissue of the body. Krom the 
first, however, the marked tendency to- 
ward selective localization of the ab- 


lead in the bones is apparent 


and becomes more and more evident as 


s ( bed 


time elapses, particularly if exposure to 
lead has ceased. 

A study of the relationship of ana- 
Ivtical findings to e¢linical histories 
shows the same course of events In man. 
The distribution of lead in Case 1 is 
that 


tinal absorption which continues until 


tvpical of following gastro-ites 


shortly before death. Evidence of this 
may be found in the clinical history and 
also in the analytical data, which show 
lead in the 


a high coneentration of 


liver. Thus, in man as well as in ani 
mals the liver removes and retains 
much of the lead carried in the portal 
blood. Of the lead which eSCAPeS the 


\ 


liver and enters the eeneral circulation 


a high percentage is retamed by the 


skeleton, but while absorption continues 
lead is also present in the blood stream 


and in all the tissues of the body. In 
Cases 2 and 3 also lead was well dis- 


tributed throughout the organism. Case 
2 had had no CXNPOSULEC Lo lead for over 
a fact corroborated by the 
{hieat Was no marked 
accumulation in the lune or the 
It therefore seems likely that the lead 


six months 
observation there 


liver. 


was mobilized from a skeletal store. In 
Case 3, on the contrary, relatively high 
concentration of the 
compared with that im the liver clearly 
that 
taking place through 


lead in lunes as 


absorption Was 
the 
This deduction was corroborated 


indicated active 
respiratory 
tract. 
by the history of recent work at 
Further 
{hieat absorption was recent are the ven 
eral distribution of lead throughout the 


avery 


dusty lead trade. evidences 


body and the high concentration im the 


hlood. ln marked contrast to these 
eases are Cases 6 and 7 in whieh lead 
was found only in the skeleton. Ab 





ed os 


weer gre ae ante an soe ~~ 





RP To 





eee ere 


SO Ee 


. 
EE ey ee 


SP 





me 





A 


PERS A ee 8 oe 


 emecenen: = 








—EE — 











158 THE JOURNAL OF INDUSTRIAL HYGIENE 


sorption apparently had not taken place 
for some time and the stored lead had 
not been mobilized. Cases lke these 
show conditions completely analogous 
to those observed in animals which have 
been killed so long after exposure that 
a complete selective localization of lead 
in the bones has taken place. 

Since the diagnosis of lead poisoning 
is frequently of medicolegal as well as 
of clinical importance, it 1s well to con- 
sider what conclusions may be drawn 
from the distribution pictures obtained 
from cases with unknown or disputed 


When 


the bones, absorption must 


histories, lead is found exelu- 


sively im 
have occurred some time previously, 
but there is no justification for econelud- 
Ine that lead was involved as an acute 
of death. 


of lead only in the feces and the gastro- 


cause Similarly the finding 


intestinal tract may merely indicate 


that lead has been swallowed, and does 
()n the 
hand, the presence of lead in the urine 


not prove absorption. other 
or in a majority of the body tissues 
demonstrates active transportation of 
lead hy the blood and slenifies either 
that absorption has recently oceurred 
or that considerable quantities of lead 
have just been liberated trom the bones. 


In either case danger has been incurred 
by bathing the tissues of the body with 
soluble lead, and lead may then right- 
fully be assumed to have been at least 
a complicating factor in the pathologi- 
cal picture. 


Summary and Conclusions 


In actual cases of chronie plumbism 
in man events have been seen to run 
the same course as in experimental an- 
imals. While symptoms of plumbism 
are present, as a result either of ab- 
sorption of lead from external sources 
or a mobilization of a skeletal store, 
lead is distributed generally throughout 
the After 


ceased and lead is no longer entering 


organism. exposure has 


the eireulation there is almost complete 
selective localization of lead in a tem- 
porarily harmless skeletal deposit. The 
medicolegal importance of these data is 
discussed. 


The pathological material for this study 
was obtained from various sourees. Dr. 
George Burgess Magrath particularly, and 
also various officers of the Boston City, Chil- 
dren’s, Massachusetts General, and Psycho- 
pathic Hospitals were very co-operative. It 
was their interest which made this collection 
of data possible. 
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LEAD STUDIES X 
THE DEPOSITION OF LEAD SALTS, WITH A NOTE ON THE SOLU- 


BILITIES OF DI-LEAD 
OF DI-LEAD AND 


PHOSPHATE IN WATER AT 25° C. AND 
TRI-LEAD PHOSPHATES IN LACTIC 


ACID AT 25° ©." 


LAWRENCE TT. F'AIRHALL, 


From the Laboratories of Physiology of the Ilarvard 


Hi fact that bone tissue serves as a 
for lead 
ters the circulation (1) is an indication 
that lead and calcium are deposited un- 
the The 
qualitative evidence secured so far in- 


storehouse whatever en- 


der much same conditions. 
dicates that lead is present in the bones 
as phosphate; hbeeause of the imsolubil- 
itv of this salt its deposition with the 
calcium is not surprising. The early 
experiments of Konig (2), Lehnerdt 
(3), and Stoeltzner (4) on the substitu- 
the 


skeleton show quite clearly that other 


tion of strontium for calcium in 
elements with somewhat similar prop- 
erties may be substituted for calcium. 
If lead is deposited otherwise than as 
phosphate, it has not been possible as 
yet to demonstrate its 


more soluble salt, e.g., carbonate. 


presence as a 
On 
the other hand, calcium phosphate is 
more soluble than caleium carbonate, 
but 
phate to carbonate in bones is approxi- 
mately 87.5: 12.5. 


Lead, if present in the bone tissue as 


the proportion of calcium phos- 


carbonate or albuminate, would be dis- 
solved by dilute acetic acid. But acetic 
acid is not sufficiently strong to dissolve 
lead phosphate, and it is only by con- 
tact with (in lead 
phosphate is soluble) that lead may be 


nitrie acid which 
completely removed from the skeleton. 
the 


lead compound in the bones is very dif- 


lo determine the exact nature ot 
Heult, since the quantities of calcium 


*Received for publication May 12. 1924. 
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phosphate and carbonate present are 


enormously greater than the amounts 
of lead. Indeed, it is difficult to ascer- 
tain the exact ratio of calcium carbon- 
ate to calcium phosphate in bone (5). 
must imevit 


Any chemical variations 


ably affect the equilibrium relations of 


the lead and calcium compounds. The 
only practical solution of the problem, 
therefore, les in identification of the 
lead compound tia siti. 

All qualitative evidence which has 
been obtained points to the conelusion 
that lead is present as phosphate. For 


instance, two cats with experimental 
lead poisoning were killed and their 
bones were examined for lead. Before 
the final chemical tests were made, the 
bones were seraped free of all adher- 


ing musele tissue, dried, pulverized, and 


repeatedly washed with ether to re- 
move fat. This clean bone powder 
(232 em.) was then shaken with a large 
excess of OLN acetic acid for from 


twenty-four to forty-eight hours in a 
sy this procedure 
only a extracted. 
After rewashing, tartaric acid (in which 


thermostat at Zo © 
trace of lead was 
lead phosphate is soluble) was added, 
1.03 


probably by 


removed 
this 
acid cannot penetrate far into the bone 


and me. of lead were 


surface action. for 


particles because of the formation of 


insoluble caleium tartrate. J*urther ex- 


traction with 7 per cent. hydrochloric 


acid, which contained tartaric acid 


formed trom the dissolved ealeium tar- 


trate, removed 14.43 me. ot lead. <A 
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fat-free bone, 


werghing 120 em., was treated with OLIN 


second sample of dry, 
hvdrochlorie acid bor Wo hours, Sixty 
five hundredths of a milligram of lead 


was extracted by this means. Further 
time 
with O.UN acid (O.05N with tartarie and 
O.0oN with hydrochloric acid) removed 
Of lead. 


dissolved hy 


treatment for the same leneth ot 


eS ime The neghetble amount 
the 


tively ereater amount dissolved hy tar- 


acetic aed and rela- 


tarie than by hydrochloric acid would 
the 
rather than albuminate or 

The solubility of 
water is Q.15 me. per liter, while that 
liter, 


when errenlatine lead comes 


indicate Presence ot phosphate 


carbonate. 
lead) phosphate im 
of lend earbonate is 1.7 


me. per 


Doubtless. 
With the oreanie strueture 


Into contact 
cy] the hones, 


it is deposited im much the 


Same dnnnner as the caletum salts, ex 


cep that the competition of the phos 
lead 


ereater than tor enlerun. 


phate group for must be much 


Loend when precipitated hi equilibrio 
di-sodium hydrogen 


di-lead 


precipitated, however, trl- 


iis phosphate Ih\ 


phosphate vields phosphate. 


When first 
lead phosphate is obtamed (6) and im 
the state of slight alkalinity that exists 
In the body the tri-lead salt is the stable 
form. This very insoluble salt is stored 


away in the bones and under normal 


conditions may remain inactive for com 
parativels lone periods of time. It is 
transformed slowly in neutral or sheht 
the di-lead salt. 


lv acid) solution inte 


for this reason. the properties of the 

nn lend silt ave Or} Interest. 

Pik Souwt ' Di-Lean PHosPpHATE 
1); lead phosphate, prepared nnder 

equilibritm conditions, consists of a 


vlitteriIng mass of rhombie 
These 


horihnal 


ervstals, 


proved 1a) he Wore soluble than 


phosphate. This difference 
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lends interest to the solubility of di-lead 
phosphate itself. Since solubility data 
for this salt are laekine, determinations 
were made directly. Sealed bottles con 
failing a suspension of the pure salt 
In Water were rotated end over end for 


twenty-four hours im an electrically 
After the 


solid phase had settled out on stand- 


heated thermostat at 2D C. 


ing, filtered portions were drawn into 
a calibrated pipette and analyzed. Two 
ditferent samples of salt were used, one 
of which was prepared by a svnthetie 
method (7), the other (Series IL) under 
equilibrium conditions. The results are 


olven 11) ‘Table F 


TABLE 1.--SOLU BILITY OF DI-LEAD 
PHOSPHATE IN WATER APE 25°C, 


SERIES 1 SERIES II 


(im, per Liter Deviation (3), per Liter Deviation 


from lean from lean 

0 O13] () OOOS 0 O132 0003 
0 O120 0 OO09 0 O120 () OQOO9 
() O29 OOOO 0 O143 O OO 
QO OL30 0 OOO] 0 O12] Q OOOS5 
0.0132 0 0003 0 O125 0 OOO T 

0 O133 0 GOOF 

Lrerage lrerage 

0 0129 0 0004 0 0129 0 OO0T 


The average value obtained (0.0129- 
0.0005 em. per liter) is approximately 
100 times that for tri-lead phosphate. 
This 


tant, 


pronounced difference is) impor- 


for any variation in local reae- 


tion, such as increased acidity, must 


change markedly the quantity of lead 
In elreulation. even as weak an acid 
as carbone ean react with tri-lead phos- 


phate in the following manner: 
Ph (PO) ~ POCO 


FH Co —2PbTPO 


lixperiments were performed which 
this. ‘Tri-lead 


for several 


eorroborate phosphate 


Was shaken hours in water 


saturated with carbonic acid at room 


temperature. The solution plase con 


tamed as much as 13.0 mg. of lead phos 
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phate per liter. This corresponds to 
the solubility of di-lead phosphate im 
pure water. 

A somewhat similar reaction occurs 
when tri-lead phosphate is shaken with 
lactic acid. In this case the phosphate 
neutralizes the laetie aeid, and since 
lead lactate is soluble, there is much 
more lead in solution than is the case 


with earbonie aeid. 


Php (PO ) +2CH -CHROH—COOHSS 


“ Ph¢(C HO) +2PbHPO, 


This difference in solubility is) shown 


r 


in Table 2 and also in Figure 1. 


TABLE 2.—SOLUBILITY OF LEAD 
IN LACTIC ACID AT 25° C, 


DISSOLVED 
PRI-LEAD 
PHOSPHATE 


DISSOLVED 
DI-LEAD 
PHOSPHATE 


LACTI 
NUMBER ACID 
NORMALITY 


qm. per liter gm. per liter 


| O47 0 14] 0 686 
9 0 093 Q 197 eee 
3 186 () 283 |. 794 
| Q 165 Q 458 2? 296 
5 9230 Q 184 ? O61 

















hic. 1.-—Solubility of lead phosphates in lactic 
acid at 20° C., 

The failure of weak acids to dissolve 
lead ww vitro from the bones of animals 
poisoned with lead is undoubtedly de 
pendent im part Upon the buffer action 
of caleium phosphate and im part upon 
the decreased solubility of lead phos 
phate in the presence of excess phos 
phate ions; but acids such as tartaric 
or nitric, with a specific solvent action 
remove lead 


on lead phosphate, may 


from bone tissue in vitro. 


in loeal 
amone the 


culation. The 


It is, there 


fore, justifiable to conclude that changes 


reaction of the tissues are 


factors determinine’ the 


quantity of lead that can pass imto cir- 


solubility of — tri-lead 
phosphate in lactic acid is particularly 
striking and suggestive; for lead phos- 
phate, though insoluble under normal 
conditions, is sensitive to slight changes 
In acidity. 

Tur ABsorprion or Leap BY Bone 
The object of 


tailed below is LO reproduce ral| evele ot 


the expermments de 


deposition and solution of lead such as 
Sinee lead is) de 


posited 11) the skeleton, if SCOCTIES per 


may occur wi vivo, 


tinent to determine what happens when 
it comes in contact mw vitro with bone 
tissue. Marly experiments indicated 
that bones taken from animals imine 
diately after death completely remove 
normal saline 


lead) from aqueous or 


solutions. The usual procedure was to 
clean the bones carefully, remove the 
marrow, and shake the pulverized bone 
with lead chloride solution for a short 
The particles of bone were then 


lead. 


These early experiments demonstrated 


time, 
well washed and analyzed for 
that lead is completely and rapidly re 


moved from dilute solutions of lead 
chloride and that contact with the bony 
substance itself rather than with the 
protein material is of eliet Importance 
in the absorption of lead. 

Further 


erade of 


Prot rd 


freed 


experiments with a 
bone meal (carefully 
from fat with ether and as far as pos 
sible from protein hy repeated extrac- 
tions with salt solution and water) in 
dicated that a much greater degree of 
All fat was 


extracted with ether from the dry hone 


absorption of lead occurs. 


meal, which was then boiled repeatedly 
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with distilled water until the liquor 
gave only a very faintly positive biuret 
test. Shaking the prepared bone meal 
with lead chloride solution in a shaking 
machine was found to be objectionable 
of the bone 
meal became pulverized and had to be 


beeause a eertain amount 


removed by filtration. It is preferable 
to avoid such manipulation beeause of 
the high adsorptive capacity of filter 
paper for lead salts. An arrangement 
was therefore contrived for so eireulat- 


ine the lead solution that it was eon- 
tinually exposed to the bone meal. For 
this purpose the eireulating pump 
shown in Fieure 2 was devised and 
built. In this pump the bulb 4 has a 
volume of about 150 ¢.e. The solid ma 


terial rests on the surface of a poree 
The lquid 


\. 


lain plate sealed in at B. 
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pump. 





hic. 2.—Circulating 
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is circulated on the principle of an air 
lift by a very gentle stream of air blown 
into the apparatus at D; applying sue- 
tion at # with D open will also cause 
circulation, but positive pressure at D 
gives much more satisfactory results. 
The usual rate of cireulation with the 
pumps was approximately 160 ¢@.¢. per 
minute. With such an arrangement as 
this, the lead solution is constantly ex- 
posed to the surtace of bone meal at a 
rate sep- 
arated readily without filtration by ap- 


predetermined and can be 
plying air pressure at F’ and collecting 
the liquid as it is forced over at D. The 
bone meal can be washed effectively by 
distilled 


water and forcing this off as before. 


replacing lead solution with 
Since preliminary experiments with 
meal that 
sorbed very rapidly, it was important 


bone indicated lead is) ab- 
to discover whether the true nature of 
the process is replacement of caleium 
by lead or whether lead is directly ad- 
Direct adsorption would be of 
peculiar interest, because deposition of 
the been 
ascribed to adsorption (5, p. 790). Such 


sorbed. 


calcium salts in bones has 
aspects of absorption of lead as rate, 
effect of concentration, effect of changes 
in hydrogen ion concentration, ete., 
have, therefore, been carefully studied. 


Rate or ABSORPTION OF LEAD 


When an solution of lead 
chloride is pumped over bone particles, 
the amount of lead removed varies di- 
rectly with the time of contact. Meas- 
of the amount of lead thus 
absorbed were made in a series of ex- 


aqueous 


nrements 


periments in which tor varying periods 
of time a given quantity of lead chloride 
was pumped over uniform amounts of 
crushed The the 
lead chloride solution was adjusted to 
sodium 


bone. initial p,, of 


(.4 by means ot acetate solu. 
a am: S 


Aug., 1924 
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tion. At the end of each period the 
lead solution was removed and the bone 
twice thoroughly washed with distilled 
water. The results obtained are re- 
corded in Table 3 and shown in Figure 
3 graphically. It is apparent that the 
TABLE 3.—RATE te ABSORPTION OF LEAD 








NUMBER OF LEAD | OF LEAD TIME 
IN SOLUTION IN SOLUTION 
mq. mq. min, 

l 25 15.89 l4 
2 23 10.78 | 
3 29 6.64 2 
| 25 4.44 3 
a 25 1.49 6 
6 25 0.30 9 
‘ 25 0.12 12 
Q 22 0.00 1D 
Y 25 0 OO 30 

© 

a) 

© 

ra 

S : 

~ 

- 10+ a 

= 

S 
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c . 
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1 \ | 

e . 

vo 

2 \ 

°o 

CO 

2 . 
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. ‘ oe A 
Oo Minutes 10 20 30 











Fic. 3. 





Rate of absorption of lead by bone. 


majority of the lead is taken from solu- 
tion in less than ten minutes. This 
rapid removal of lead, which is charac- 
teristic of all the experiments with 
crushed bone, indicates the effective- 
ness of the mechanism by which lead 
may be taken from solution. 


KrrectT oF Hyprocen [Ion CONCENTRA- 
TION 


The rate of absorption of lead salt 
by bone meal is markedly affected by 
the hydrogen ion concentration of the 


solution. Small irregularities in the 


rate of absorption noted during earlier 
experiments were attributed to slight 
differences in acidity arising in_ part 
from hydrolysis of the lead chloride. 
But when the lead chloride solutions 
always had exactly the same p., con- 
Since 
this also has an important bearing upon 


sistent results were obtained. 


absorption of lead in general, the effect 
of variations in hydrogen ion concen- 
tration was investigated. All other fae 
tors, such as time of contact, concentra 
tion of solution, ete., were kept con- 
stant, while only the initial hydrogen 
ion concentration of the lead chloride 
solution varied. The acidity of the solu 
tion was adjusted by the addition of 
sodium acetate and lactic acid or so- 
dium hydroxide. The latter was used 
only for points above Po 1.8. 


TABLE 4.—EFFECT OF IYDROGEN ION 
CONCENTRATION UPON ABSORPTION 
OF LEAD BY BONE 

INITIAL AMOUNT FINAL AMOUNT 
NUMBER OF LEAD OF LEAD ) 
IN SOLUTION IN SOLUTION 


mq. md. 
| 125 ae 1.0 
2 125 ADA 5.0 
3 125 34.8 6.0 
| 125 16.8 68 
5 125 12.3 i.e 
6 | 125 10.8 7.4 
7 125 7.8 7.6 
8 125 6.5 7 8 
7) 125 15.1] 8.0 


[It is clear from the figures in Table 4 
and Figure 4 that the greater the hy- 
drogen ion concentration the less lead 
p,, 4.0 
where less than 43 per cent. of the total 
As the alka 
7.8 there is 


is absorbed—particularly — at 
is removed from solution. 

linity inereases beyond p 
again a decrease in the amount of lead 
absorbed, doubtless because of the sol 
vent action of the sodium hydroxide. 
[It is interesting biologically that the 


range of maximum absorption 1s_ be 


ee 7.4 and p.. 7.8. 
tween Py ft and ] " 
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ABSORPTION OF 
Vartous SUBSTANCES 


Three types of experiments were per 


formed order to determine whether 


, lead: removed from solution by bone re 
places the ealetum of the bone im the 
form of phosphate or whether it unites 
directly with the proten material which 
eonstitutes the Oreanle matrix of bone. 
(a) Finely crushed bone was ignited im 
an eleetric muffle furnaee to remove all 

organic material. The inorganic resi 
due, which still retained the original 

| ~| ape ol th bernie particles, Was then 


chloride 


VaATVINY meentrations. (/)) Bone par- 
ticles of the same size were deealeified 
h dilute hydrochloric acid, thorough 

is ec WI Water and finally with 

a very dilute solution of sodium ear 
hbonate and water, and then mixed with 
ead chloride solutions to determine 
eir power absorption. The P,, 

) e so on Was adjusted to 7¢.4. 
| degree of absorption of lead 





INDUSTRIAL 


solutions of 


HYGIENE 


from a lead chloride solution by kelp 
the 
results of 


determined at 
The 


these different experiments are given in 


charcoal was. also 


same concentrations. 


Table 5 and are also graphically shown 
In Figure 5. 


The 


sorption ot lead by erushed and le@nited 


relative difference between ab- 


TABLE 5.—ABSORPTION OF LEAD. BY 
CRESTED, DECALCIFIED, AND LGNTPED 
BONE, AND BY KELP CHARCOAL 


AMOUNT OF LEAD IN) SOLUTION 


INITIAL AFTER 300 MINUTES 
NU M- AMOUNT 
BER OF LEAD IN CRUSH D DECAL- IGNITED KELP 
SOLUTION BONE CIFIED BONE CHAR- 
BONI COAT 
rid). Md. mid. rid. rid. 
95 0 OO d.éie 0 OO Te 
2 50 10 1 09 0 OO 27) 45 
3 éa (1) 89 97 64 0 OO 1 12 
| 1a 4 cme 1D 18 0 77 56.06 
) 1? 8 OD » Qh 
fy 150 1, . 50 B89 GY 11 03 Q() 7] 
4 OO I? OO IY 4? 


bone on the one hand and by deealeified 
hone and kelp chareoal on the other Is 
The last 
cases are apparently examples of true 


clearly demonstrated. two 
adsorption, While the first two illustrate 


chemical replacement of calcium by 


lead. When sections of bone which has 
heen exposed Lo lead are stained with 
ammonium sulphide and examined mi- 
croscopically, lead sulphide May be seen 
as a dense compact laver on the surtace 
of the 
bone which have been similarly treated 


the 


hone, Sections otf deealeified 


demonstrate 
lead. 


Since normal bone removes lead rap- 


deep penetration ot 


idiv and completely from = solution, 1 


was of Interest to determine whether an 


equivalent quantity of calcium is set 


free during this process of absorption. 


Solutions of lead chloride of varying 


concentrations were elreulated over 
known amounts ot erushed bone tor 
varving lengths ot time and then ana- 


] 
j 
| 


Ivzed for lead and calcium. In a series 


| 
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of control experiments sodium chloride 


solutions of equivalent concentrations 


the solution. 
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Increasing concentration of calelum in 


The chloride content of 





S| 


per 175 CC 
Ss. U8 


mgm 


g 


40- 
SC + 
20 - é 


10+ itt 


— . 


fFinat Concentration ot Lead 











Initial Concentration of Lead — mor per 





a 








iG. o. Absorption of 


the amounts 


Cae 


were pumped over same 


of erushed bone heme taken to 
mialntall the Sallie hvdrogen lon CONCH 
the calcium 
nto deter 


This amount was then deducted 


tratlon—and amount ot 


thus taken solution Was 
mined, 
recovered 


The 


mols 


from the amount of calelum 
chloride. 
et 


Table 6 gives the results ob- 


from solutions of lead 


average correction Was 
per liter. 


tained in the ditterent experiments. 


TABLE 6.—REPLACEMENT OF CALCIUM IN 
BONE BY LEAD 
INITIAL 
VMOLAR VIOLS OF VOLS OF 
NIUM- CONCEN- LEAD CALCIUM a 
ot tRAD x 1.000 x 1.000 
x 1.000 a bh 
| 33 | 36 | O9 ae 
3 2? Of 2 OD | 82 iF 
3 2. id ? 66 2? O83 | 28 
| 3.429 5.22 2 23 1 4) 
) 1.14 3.80 2. 4] im ¥i 
fy >. ae 1.36 2.44 1.59 
Diy 7.4.) 6 Volume 75 eu 
Kigvgure 6 shows the existence of a 
definite relationship hetween the = eal 
Ci)UT) and lead exchanges although the 
Iwo eurves do not exactly eoineide, 


(Chemical replacement of the calcium by 


lead js demonstrated by the constantly 


lend by crushed, decalcified. and ignited bone. and by kelp charcoal. 


the solution remains practically uni 
form throughout the experiments. 
Pfraundler (8) observed that cartilage 
removes more calcium than chlorine 
from a solution of ecaleium chloride and 
suggested a specific ionic affinity as ex- 
planation. That crushed bone removes 
lead trom a solution of lead chloride is 
this 


ical replacement. 


true, but reaction is one of chem 


Ih order to determine 
whether chloride is also removed, anal 
were made for chlorime during 


VSCs 
absorption. A solution of sodium ehlor- 
ide practically equivalent in concentra 
tion to the solution of lead chloride was 


analyzed and found to contain 8.57 mg. 
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bone Hy lead. 
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of chlorine per 100 ¢.c. After being ecir- 
culated over purified crushed bone the 
solution was again analyzed, and the 
chlorine content was found to be 8.60 
100 A solution of lead 
chloride (8.04 mg. of chlorine per 100 
was then circulated over another 
sample of the same bone until the lead 


ng. per C.C. 


C.C. } 
was completely absorbed. Analysis of 
this solution and the washine’s showed 
that S.10 100. @.e. 
remained in solution. It is, therefore, 
that 
chloride content and that the ealeium of 


mg. of chlorine per 


clear there is no change in the 
bone is merely substituted for lead in 
the solution. 
Tue Apsorerion or Leap By CARTILAGE 
Numerous attempts have been made 
to simulate the formation of bone bv 
the interaction of eartilage and ealeium 
(9), 
who carried out an extensive study of 
this 


salts. I'reudenberg and Gyorgy 
earlier 
work by Pfaundler, found that eartilage 
Immersed in 


problem on the basis. of 


ealeium chloride solution 


absorbed the ealeltum in amounts which 
were determined by the hydrogen ion 
eoneentration. The more aeid the solu- 


the less 


tion, 


calelum was removed. 
They also found that cartilage took 
magnesium, barium, strontium, ete., 


from solution. But it appears that even 
when the time of contact was very pro- 
longed, absorption was not complete. 
Similar experiments in this labora- 
tory have shown that lead is removed 
from solution by fresh cartilage but not 
The 


quantity absorbed is directly propor- 


SO) efhieiently as by erushed bone. 


tional to the time of contact and varies 
with the hvdrogen ion concentration of 
the solution. For example, 15 gm. of 
fresh finely chopped cartilage from the 
with 


25 me. of 


nasal septum of an ox, mixed 


Ringer solution containing 
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lead, removed 79 per cent. of the lead 
from solution in two hours. This ear- 
tilage impregnated with lead gives up 
its lead much more readily in acid solu- 
tion than does crushed bone after the 
same treatment. If the lead combines 
chemically with the protein material of 
the cartilage this should be expected, 
because lead albuminate, which is very 
acid medium, dissolves at 
ion shehtly 
above p,, 9.8. 

The experiments with crushed bone 
do not demonstrate that 
lead is taken from the circulating blood 
stream 7 vivo by direct chemical re- 
placement; but they do both explain the 
removal of lead by bones, dried or 
freshly dissected from the animal, and 


soluble in 


hydrogen concentrations 


necessarily 


emphasize the sensitiveness of absorbed 
lead to changes in hydrogen ion con- 
centration. 


Tue TRANSPORTATION AND DEPOSITION OF 
LEAD IN THE Bopy 


Soluble lead salts readily dissolve in 
an exeess of blood plasma; and far 
larger quantities may be held in solu- 
tion than would dissolve in an equal 
quantity of water containing the same 
concentration of inorganic salts. It is 
commonly supposed that lead in the 
blood the albu- 
minate, but it is more probably present 
as highly dispersed phosphate, one of 
the most insoluble lead salts. The be- 
like that of the tri- 
ealcium phosphate which is found in 
mammalian blood in quantities two to 
four times larger than would dissolve 


stream 1s 1n form of 


havior of this 1s 


in pure water. <A similar dispersion of 
a lead salt can be shown in the forma- 
tion of lead sulphide in serum. Instead 
of the precipitation of the sulphide as 
a black solid, there is merely a change 
red. This indieates 


of eolor to clear 
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that the sulphide forms, but in a highly 
dispersed or colloidal state. Lead salts 
may be thus dispersed or peptized by 
various substances. For instance, a 
suspension of lead phosphate in a solu- 
tion of cane sugar may be prepared 
without any trace of opalescence, while 
the same quantity of phosphate in pure 
If hy- 
drogen sulphide is added to the cane 
sugar suspension, the color changes to 
red just as in the case of phosphate and 
blood serum. Distribution experiments 
have shown that the greater part of the 
lead transported by blood is in the 
plasma and that the cells apparently 
carry but little. The blood of a rabbit 
with lead poisoning was found to have 
79 per eent. of the total lead in the 
In a fatal case of lead enceph- 


water has a milky appearance. 


plasma. 
alopathy the concentration of lead in 
the blood was recently found to be 2.80 
mg. per lter—an amount which corre- 
sponds to 5.64 mg. of tri-lead phosphate. 
As the solubility of this salt is only 
0.15 mg. in a liter of pure water (10) 
the quantity of lead salt in the blood 
was about thirty times as great as the 
amount which would dissolve in a cor- 
responding volume of water. Since lead 
could exist for a long time in the pres- 
ence of inorganic salts of the blood only 
as the correspondingly most insoluble 
lead salt, e.g., lead phosphate, and since 
lead phosphate is so insoluble, it seems 
reasonable to believe that lead is trans- 
ported by the blood as highly dispersed 
phosphate. 

Any satisfactory mechanism for the 
deposition of either lead or caleium 
salts in the organism is difficult to con- 
ceive. Probably the most stimulating 
hypothesis so far advanced has been 
that of adsorption of dissolved calcium 


salts (5). If adsorption is to explain 


the deposition of lead salts by the or- 
gsanic matrix of intracellular substance, 
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however, the process must be adsorp- 
tion of colloidal lead phosphate. Illus- 
trations of adsorption of a colloid from 
a liquid are numerous; for instance, 
colloidal gold is adsorbed by barium 
sulphate or aluminium hydroxide. When 
borne by the cireulating blood to the 
hyaline matrix where slight changes in 
alkalinity probably initiate the adsorp- 
tion of ealcium salts, colloidal lead 
phosphate would probably be deposited. 
The precipitation of such a colloid oe- 
curs much more rapidly than the dis- 
solving of lead phosphate or the dis- 
persion of the lead salt in a medium 
containing an excess of precipitant. The 
deposition of lead in bone tissue in the 
ease of a rabbit injected intravenously 
with a lead salt solution amounted to 
24.3 mg. in seven hours, or 30 per cent. 
of the total amount injected. This rapid 
rate of storage is interesting In view 
of the hypothesis that lead is deposited 
in the body by a process of adsorption 
of colloidal lead salts. 


SUMMARY 


experiments have been 


made with crushed bone, cartilage, de- 


Absorption 


‘aleified and ignited bone, and charcoal 
under varying conditions of concentra- 
tion, time, and acidity. These show 
that lead is quantitatively removed 
from solution within a very short time 
by means of crushed bone; and that de- 
posited lead is sensitive to changes in 
acidity. The maximum deposition oc- 
curs at Pay 7.4 to 7.8. In vitro experi- 
show that 
tions lead chemically replaces the cal- 
cium in bone. 

The solubility of di-lead phosphate in 
water at 25° UC. determined 
found to be 0.0129 gm. per liter. 
solubilities of di-lead phosphate and of 


ments under certain condi- 


and 
The 


Was 


tri-lead phosphate in various concentra- 
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tions of laetie acid were measured. The 
tri-lead phosphate proved to be mueh 
more soluble in laetie aeid than the di- 


lead salt. 


Although there are points of similar- 
itv, experiments have indicated that the 
deposition of lead salt in living bone 


tissue is probably not entirely analo- 
vous to the absorption of lead by bone 
in vitro. It has been shown how the 
hydrogen ion concentration may be an 
important factor im governing the 
amount of lead in the circulation. 
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